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I. INTRODUCTION 

Annual Report 
This 1998Annual Report summarizes results and observationsof the ongoing biological and 
hydrological monitoring programs conducted by Marine Research, Inc. for Brayton Point Station 
in Mount Hope Bay and surroundingwaters. This report also includes temperature, circulating 
water flow and heat load summaries, monthly barrier net reports, unusual impingement and fish 
kill summaries and a bibliography of all technical, biological, hydrological, etc. reports 
submitted to U.S.Environmental Protection Agency and Massachusetts Department of 
Environmental Protection during 1998. 

The purpose of this Annual Report is as stated in section A.9.c of the Station’sNational Pollutant 
Discharge Elimination System (NPDES)pemit, dated June 16,1993: 

“Toassist the TechnicalAdvisory Committee (TAC) with their continuing 
evaluation of the Brayton Point Station impact upon the Mount Hope Bay 
aquatic community and tofacilitatefirture permit reissuance, thepermittee 
shall provide a summarized statistically analyzed &ta base of at least 10 
prior years. This report will include,for this same period, a summary of all 
reported a%ysand the number of hours of each daywherein the Maximum 
Temperature and Delta-T limitations were exceeded, a summary of all 
reportedfish kills, and all unusualfih impingements. This report shall also 
include a bibliography of all technical reports, biologicall ?ydrological, etc. 
reports submitted to EPA and the State infivllment of the NPDES Permit 
Program. ” 

“Eachnew year’s annual data summary will be incorporated into the 
historical data basefor comparisonwithfirture annual data collections. ” 

“Theannual report conclusions will indicate the trends of the various 
parameters analyzed and identifi any anomalies that appear in the annual 
historical data comparison. These dyerences will be explained, ifpossible. 
Thepermittee will mak recommendationsfor any remediation considered 
necessary orfor anyprograms to better understand the anomaly.” 

For thisreport,the Sonnation obtained by the 1998biological and hydrological monitoring 
program is compared to the program’s historical database, initiated in 1972. In addition,there 
are threesupplements to this report for research completed during 1998. These supplements are 
the following technical reports: 

SupplementA - Comparisonsof Benthic, Phytoplanbon, ZooplanktonPopulations, Nutrient, 
Chlorophyll Concentrationsand Productivity ValuesBetween 1972-1985 and 199m998, 
performed and written by Marine Research, Inc. (MI2I) 
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e 	 Supplement B - 1997-1998 Entrainment Survival Study, performed and written by Lawler, 
Matusky and Skelley Engineers 

e 	 Supplement C- Mapping Temperature Distributions In Mount Hope Bay, Fall 1998 
Deployment, performed by MRI and Applied Science Associates (ASA) and written by ASA. 

Sfation Description 
PG&E Generating operates an electric power generating facility, Brayton Point Station, on an 

approximately 280 acre site located in Somerset, Massachusetts.' The facility provides 

approximately 1,600 MW of electricity into the New England power grid for sale in the 

wholesale power market. The facility operates on a continuous basis, 24-hours per day, seven 

days a week. 


The facility is situated on a peninsula, at the confluence of the Taunton and Lee Rivers, in Mount 

Hope Bay, approximately 1 mile west of Fall River, Massachusetts. Units No. 1 and 2 are rated 

at 250 MW each and Unit No. 3 is rated at 650 MW. These three units burn mainly coal but can 

burn some natural gas. Unit No. 4 is rated at 450 MW and burns both No. 6 fuel oil and natural 

gas. Each unit has two circulating water pumps that draw 

intake water from either the Taunton or Lee Rivers. Unit 

No. 1,2 and 3 circulating water intakes are located on the 

Taunton River and Unit No. 4 intake is located on the Lee 

River. The design flow rate for each of the eight 

circulatingwater pumps is the following: 


41 4 187.7 Lee River Figure 1: Normal Operation 

The maximum total station circulating water flow is 1298.9MGD with Units 1,2 and 3 having 
the potential to draw in 924.5 MGD and Unit No. 4 to draw in 375.4 MGD of bay water. 

Biological and Hydrological Monitoring Requirements 
The Station's NPDES permit requires hydrological and biological monitoring of Mount Hope 
Bay and surroundingwaters. In addition to the required biological and hydrological monitoring 
progrkn, additional monitoring programs or enhancements of the required programs have also 
been initiated by the Station with input from the Brayton Point Technical Advisory Committee. 

' USGen New England, Inc. is the owner of Brayton Point Station. 

Brayton Point Station 
1998Annual Report 



The following are the monitoring programs performed in 1998. 

Temperature, salinity, pH and dissolved oxygen profiles at 5 foot intervals at six fixed 
stations in Mount Hope Bay. These Stations include Stations I (Units 1,2 and 3 intake), D 
(straight bridge near Units 1,2 and 3 discharge headwall), A (discharge canal venturi), 
A’(200 yards southof theventuri), C (mouthof LeesRiver) and F (south of Spar Island). 
Sampling fiequency is monthly from October through February and every 4 days fiom 
March through September when the ichthyoplankton samples are taken. 

Ichthyoplankton sampling withpaired 60-cm brideless bongo nets fitted witha 0.505 mm 
mesh netting at seven fixed stations in Mount Hope Bay. The five stationsrequiredby the 
permit include Stations 1 (south of Braga Bridge), 4 (Lee River), 5 (Cole River), 9 (west of 
Spar Island), and 10 (East of Spar Island). The additional stations sampled are Station 21 
(northeast of Mount Hope Bridge) and 23 (Sakkonet River). The samples are analyzed for 
species type and abundance. Sampling frequency is once in February and approximately 
every 4 days fromMarch through mid-May. 

Ichthyoplankton sampling for winter flounder at three locations at the Taunton River intake 
for Units No. 1,2 and 3, the Lees River Intake for Unit No. 4 and station M, opposite 
Montaup Power Station. Only the two intake samples are required by the permit. Like the 
bay-wide ichthyoplankton sampling program, the sampling frequency is once in February 
and approximately every 4 days from March through mid-May 

Finfish populations sampling once per month by otter trawl along six fixed transects and four 
random transects in Mount Hope Bay. The fixed transects are Taunton River, Intake, Lee, 
Discharge, Cole and Spar Island. In March 1997, the sampling of four random transects was 
initiated. 

Finfish populations sampling once per month with a fine-mesh Wilcox trawl along ten to 
twelve random trawls in Mount Hope Bay, one fixed transect in the Warren River, RI and 
one fixed transect on Ohio Ledge. This sampling is not required in the Station’s permit. 

Shallow-water finfish populations sampling by beach seine at four locations in Mount Hope 
Bay. The locations are Intake, Lee, Discharge, Cole and Spar Island. Sampling frequency is 
monthly from March through October. 

Young-of-Year winter flounder sampling by beach seine at 19 to 21 locations in upper Mount 
Hope Bay twiceduring June and July and once during August. 

Impingement sampling of finfish on the intake screens of Units 1,2 and 3 daily. 

Brayton Point Station 
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0 	 Benthic sampling of quahogs at six locationsin Mount Hope Bay stationsA’, F and M (north 
of Braga Bridge) as required in the permit and additional stations Lee River, Assonet River 
and RB N in the Taunton River. The quahogs are analyzed for cadmium, copper, iron, lead, 
mercury, nickel, vanadium and zinc, as required in the permit and additional metals: 
aluminum, arsenic, chromium, cobolt and manganese. The sapl ing frequency is once in 
April, July and October. 

No. 4 intake for entrainment estimates. With Unit No. 3 Figure 2: Piggyback Operation 

Memorandum of Agreement (MOA) 
In early February 1997, Brayton Point Station,the U.S. Environmental Protection Agency, 
Massachusetts Department of Environmental Protection, Massachusetts Executive Office of 
Environmental Affairs and Rhode Island Department of Environmental Management entered into 
a memorandum of agreement (MOA) regarding the operations of the station. Under the terms of 
the MOA, heat loading into the Bay and circulating water flow is restricted. In addition,the 
traveling screens for Unit No. 1,2, and 3 will continuously2operate whenever the intake for each 
unit is in use. 

To meet the MOA winter season flow limit, Unit No. 4 has operated in the piggyback mode for 
eight months out of the year from October through May since February 1997. During the 
summer months (June through September), Unit No. 4 operates in the once through mode. Refer 
to Section IV for monthly circulatingwater flow and heat loading rates. 

* Prior to entering into the MOA, the traveling screens for Units No. 1 ,2  and 3 were rotated every eight hours and 
continuously during unusual fish impingement events. 
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 11. EXECUTIVE SUMMARY 

Hydrographic Data 
Two of the most important factors influencing the distribution and health of aquatic organisms 
are temperature and dissolved oxygen. Excessively high temperature or low oxygen are typically 
avoided by aquatic organisms. If, however, escape is unavailable, exposure to either can lead to 
reductions in activity, growth, and fecundity and even to death. The temperature atwhich 
particular responses are triggered is highly species and condition specific, but generally 
temperatures above 28 to 33OC are required. Oxygen levels below 1.25 mg/L for more thana 
few hours are sufficient to kill most marine organisms, while levels between 2.5 to 3.0 mg/L can 
result in harmfid physiological changes. Dissolved oxygen levels of approximately 5.0 or more 
are satisfactory for growth (Curely et al. 1974). 

Water temperature and dissolved oxygen, along with pH and salinity, were measured at seven 
locations within Mount Hope Bay during 1998. Measurements were recorded one day per month 
during January through February and October through December. During the remainder of the 
year, measurements were recorded four to five days per month. 

As judged fiom measurements taken at Spar Island (Station F), spring time (March through May) 
water temperatures in the Bay were somewhat higher thanaverage, running 0.8 to 1.4OC higher 
than the 1986-1997average. By June and July, a period of relative cooling occurred. During this 
period, Spar Island water temperatures averaged 0.6 to 0.7"C lower thanthe 1986-1997average. 
During August, temperatures returned to somewhat above normal, running 0.4OC above the 
1986-1997 average. 

The observed water temperature pattern at Spar Island is consistent with the trends in air 
temperature recorded at Providence, RI and Boston, MA. These two sites indicate that the winter 
and spring of 1998 was unusually warm, the warmest on record since the early 1960's. For 
Providence, January through May air temperatures for 1998averaged 4.0,4.1,2.1, 1.3, and 
2.1OC above average. The warm winter and mild summer resulted in a below normal (14%) 
number of annual heating degree-days and slightly above normal (6%) number of annualcooling 
degree-days, respectively. 

As August is typically the period of highest water temperature withinMount Hope Bay, 
temperatures during thismonth can be especially critical to aquatic life. In 1998, average August 
water column temperatures at Spar Island averaged 23.1OC. August temperatures near the 
Brayton Point discharge (Station C) averaged 24.1OC while temperatures at the Lee River intake 
(Station I#) averaged 25.8OC. Differences in water temperature among locations were generally 
consistent throughout the 1998 study. Over all months (March through August), discharge-
vicinity tempratures averaged 0.9 to 1.7"C higher thanSpar Island while the Lee River intake 
temperatures averaged 1.9 to 2SoChigher thanSpar Island. 

Mount Hope Bay has experienced low (4mg/L) dissolved oxygen in bottom waters most 
summers since at least the early 1960's (Curley et al. 1974, Isacc 1997). Thishypoxia and 
anoxia appears to be the result of over-enhancedprimary production driven principally by 
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nitrogen, and to a lesser degree, phosphorus. The primary sources of these nutrients are sewage 
treatment plant effluents, intermittent sewer overflows, waters &ompolluted rivers, and polluted 
water from non-point sources (Olsen et al. 1980). 

Observations during 1998 indicate that the condition of low summer dissolved oxygen continues. 
During June throughAugust, 25% of the observations at Spar Island (Station 10F) and at the 
Lee River intake (Station I#) were less than 5 mg/L. At the Taunton River intake (Station I), 
55% of the observations were less than5 mg/t while near the discharge (Station C) 65%were 
below 5 mg/L. 

Overall, mean monthly dissolved oxygen values recorded during the summer of 1998 were lower 
than those recorded in 1997 but in only one instance was the monthly mean notably low 
compared to the overall 1972-1997 times series. Regression analysis of dissolved oxygen time 
series data suggests that oxygen levels may be improving over time. 

lchthyoplanktonSampling 
Over recent years, winter flounder populations have been declining throughout much of Atlantic 
coast. Within southemNew England, the Rhode Island Department of Fish 62 Wildlife 
(RIDFW) noted that Narragansett Bay and mode Island Sound populations decreased 
substantially during 1979-90. Abundance indices declined from 169 fish/tow in 1979 to 32 
fishhow in 1982, gradually catches increased through 1988 to 73 fisbltow, but then declined 
again to 19 fishhow in 1989-90. Gibson (1996) noted that the decline in Mount Hope Bay 
appeared to be faster than that noted for Narragansett Bay and Rhode Island Sound. Atlantic 
States Marine Fishery Commission (ASMFC) (1992) does not point to a single cause for the 
declining populations, but instead notes a number of contributing factors. One of the primary 
causes is the loss of habitat, principally through the addition of contaminants and the loss of 
nearshore shallow habitat. Not only do contaminant additions produce areas of inadequate levels 
of dissolved oxygen (as described above) but they also can result in such diseases as fin erosion, 
finrot, lymphocystis, vibriosis, and hepatic neoplasms. Over fishing is also a major contributing 
factor. The current management target fishing rate is F40,Le., a rate which would preserve the 
spawning stock at 40% of its maximum spawning potential (MSP)after fishing. The 1992 
fishing mortality in the southern New England region exceeded that which will preserve only 18
22% of MSP. This degree of overfishing suggests that stock declines are probable. 

A program designed to monitor ichthyoplankton recruitment, particularly winter flounder, within 
Mount HopeBay has been conducted since 1972. During 1998 sampling took place once in 
February and once every four to five days from March throughmid-May. On each sampling 
occasion, nine stations were sampled (Stations 1,4,9, 10,21,23, M and I). Single collections 
were made at each location with the exception of the Intake Station (I),where collectionswere 
made in triplicate. All collections were made with a 60-cm diameter bridleless bongo net. One 
net of the pair was fitted with 505 pm mesh while the other was fitted with 333 pm mesh. All 
tows, with the exception of those at Station I, were oblique from bottom to surface. At Station I, 
tows were oblique but were restricted to the upper half followed by the lower half of the water 
COlUmn. 
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During February through mid-May of 1998, eggs from seven species and larvae fiom 22 species 
were collected. Among eggs, menhaden was the most common species, comprising 59.3% of the 
total. Tautog and cunner were then next most abundant, making up 27.1 % of the total while 
rockling (7.8%) and windowpane (5.0%), were the third and fouth most abundant, respectively. 
Three additional species made up the remaining 0.8%. Among larvae, sandlance was the most 
common species, comprising 78.5% of the total. Winter flounder (14.6%), and grubby (3.7%) 
were the second and third most abundant, respectively. Nineteen species made up the remaining 
3.2% of the total. 

Two indices of winter flounder ichthyoplankton abundance were constructed. The first,the 
geometric mean density, was 7.8 fisW100 m3. The second index, based on trapezoidal 
integration of the area under the annual abundance curve, was 865. Both index values were the 
lowest among the survey 26 years. 

No obvious factor was found which could explain the apparently low ichthyoplankton numbers 
in 1998. The relationship between adult stock size and number of offspring was examined, but 
no clear-cut relationship was found. Warm water temperatures have been postulated to cause 
poor year class strength in winter flounder. Despite the warm winter in 1998 and the low larval 
abundance, no overall correlation between larval abundance in Mount Hope Bay and the 
January-April Bay temperature index was found. There have been suggestionsthat larval 
abundance is higher in years when spring water temperatures warm gradually. The four years of 
highest larval abundance (1984,1985,1992, and 1995) corresponded to four of the five years 
with the lowest “water temperature difference” between successive sampling dates. The overall 
correlation, while statistically significant (p = 0.039), only explains less than23% of the 
variability in the data. 

Winter flounder larvae were divided into four life stages: Stage 1, fiom hatching until the yolk 
sac is fully absorbed (2.3-3.8 mm); Stage 2, fiom the end of Stage 1 until a loop or coil forms in 
the gut (2.6-4.0 mm); Stage 3, from the end of Stage 2 until the left eye migrates past the midline 
of the head during transformation (3.5-8.0 mm); and Stage 4, fiom the end of Stage 3 onward 
(7.3-8.2 mm). Based on samples taken at the Intake Station (I) and the Taunton River Station 
(M), consistent differences were found between upper and lower halves of the water column. 
Concentrationsin the upper half were 5.0,9.3, and 6.2/100m3for Stages 1,2 and 3, respectively, 
while corresponding concentrations in the lower half of the water column were 10.7, 11.7, and 
18.2 fish/100m3,respectively. 

Offer Trawl 
To monitor trends in.post-larval stages of winter flounder population size,trends in other finfish 
populations, and overall community structure withinMount Hope Bay, otter trawl sampling was 
conducted. During 1998, two different trawl configurations were used on a monthly basis. The 
“Standard”trawl program used a 37.5-fi long otter trawl with a 25-ft head rope, 3 6 4  foot rope, 
4.75-in stretch mesh in the body, and 1.5411 stretch mesh in the cod end. During each monthly 
sampling occasion, January through December ten fixed transects were sampled plus an 
additional four transects were selected at random from a pool of 83 possible Standard sites. Each 
trawl was 15 minutes in duration. Although this gear has been used since 1971, the number and 
location of samples sites has varied over time. 
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In order to improve the sampling efficiency for age 1 winter flounder, a finer mesh trawl 

sampling program was initiated in 1993. The “Wilcox” trawl program uses a net with a 3 0 4  

footrope, 2-in stretch mesh in the body, 1.5-in stretch mesh in the cod end and a 0.25-in cod end 

liner. Ten tows were made each month from January through December with an additional two 

tows taken during February through May. 


Winter flounder was the most abundant species taken in the 1998 Standard trawl catch, 

accounting for 22% of the total catch. This species was collected in each month with peak 

numbers occurring inApril and May. Winter flounder were collected only along deep transects 

in July and October and only along shallow transects during January through February. 

Throughout the rest of the year, catches were generally higher along the deep transects. For all 

months of 1998, winter flounder mean catches were well below the historical monthly median 

catch per tow. Peak catches during April and May were 2.0 and 2.7 per tow, respectively. The 

overall mean catch remained below Mow, where it has remained since 1988. 


In the Wilcox trawl catches, winter flounder was the second most abundant species, 25%, 

following bay anchovy. Flounder were taken in all months with the highest catches occurring in 

May. Catch per tow ranged from 1.2 in January to 29.3 per tow in May. As with the Standard 

trawl, greatest catches were typically from the deep stations. Overall, winter flounder catches 

during 1998 averaged 12.7 per tow. This is an increase over 1996 (4.2 per tow), the lowest catch 

of the six year survey, and 1997 (12.2 per tow). The differences among the years, however, were 

not statistically significant. 


Over the course of the 1998 study, a total of 3 1 species were collected in the Standard trawl and 

39 species in the Wilcox trawl. The top five species in the Standard trawl program were winter 

flounder (22.3%),windowpane (1 1.5%), bay anchovy (10.2%),butterfish (9.5%), and alewife 

(6.8%). The top five species in the Wilcox trawl were similar, bay anchovy (26.0%), winter 

flounder (25.0%), buttefish (19.6%),scup (5.12%), and alewife (3.7%). Examination of the 

annual catch per tow time series data from 1972 through 1998 indicated population trends for 

windowpane, tautog and hogchoker that are similar to that observed for winter flounder. For 

these benthic species, catches were relatively constant throughout the 1970’s. In the early 1980’s 

as fishing rates increased catches began to decline; this decline continued until the late 1980’s. 

During the 1990’s catches appear to have stabilized at very low levels. 


’ Analysis of the aggregated resources data from the Standard trawl collections shows relatively 

constant catches during the period 1972 through the early 1980’s. Catches declined more-or-less 

consistently throughout the 1980’s with catches remaining low thereafter. An analysis of species 

dominance in the Standard trawl catches indicates that there is a growing tendency for relatively 

more individuals to be concentrated in fewer species. 


Results of the sampling with the Wilcox trawl suggest trends in aggregated resource abundance 

different from those observed with the Standard trawl. The Wilcox trawl has been included as 

part of the MRJ sampling program during the last three years (1996-98) in order to obtain data 

using a gear with the same size cod end mesh as that used by RIDFW in their sampling of 

Narragansett Bay and the lower portions of Mount Hope Bay. In his 1996 report Gibson 
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compared the RIDFW trawl catches for the period 1979through 1995to the MRI standard trawl 
data for the same period and concluded that, while aggregate resource abundance in Narragansett 
Bay has remained relatively stable, Mount Hope Bay demonstrated no such stability. 

The data collected with the Wilcox trawl as part of the MR.I program show higher numbers 
caught per tow than in the Standard trawl because the finer mesh retains more of the smaller, 
more abundant pelagic species like bay anchovy. In addition, the Wilcox results show a small 
increasing trend during 1996-98while the standard trawl catches are declining during the same 
period. While neither of these trends is statistically significant, they suggest that Gibson's 
conclusions regarding relative stability of the aggregated resource abundance in Narragansett and 
Mount Hope Bays may have been biased by the fact that he was comparing trends fiom gears 
with different size cod end meshes. 

Beach Seine 
Near-shore finfish populations in Mount Hope Bay were sampled once per month from March 
through October at four locations, i.e., Intake, Lee River, Cole River, and Spar Island. 
Collections were made during the day with two bag seines -one measuring 60 ft x 6 ft with 1/8
inch mesh, the other 300 ft x 8 ft with '/-inch mesh. One haul was made with each net at each 
station. 

During 1998, 19 species were collected with the smaller seine and 18 with the larger seine. 
Atlantic silversides were the most numerically abundant species, accounting for 82% of all fish 
taken with both nets. They were taken in all months but were particularly abundant in August 
when the young-of-year are first recruited to the smaller seine. Striped killifish and mummichog 
were the next most abundant with greatest numbers being collected in August. Bluefish were 
most present during June, August and September, with the greatest numbers occurring in 
September. 

Atlantic silversides have been the dominant member of the near-shore community since 1972, 
when the study began. The March-October large seine data set indicates an upward trend in their 
numbers over time. Analysis of dominance diversity, however, suggests that that this increase 
has not been at the expense of other near-shore community species. 

Young-ofitheyear Winter Flounder Survey 
Since 1992, a beach seine study as been conducted to assess winter flounder year class strength 
in the near-shore environment. Originally, ten locations were sampled. By 1998, several more 
stations were added, bringing the total stations to 20-21. Each location is sampled in duplicate or 
triplicate with a 50 ft x 6 ft net with 1M-inch mesh. 

As with other surveys, the winter flounder catch-per-unit-effort for 1998was one of the lowest 
on record. The stratified mean number per haul for the month of June was 1.3 / haul. Only 
catches during 1993 were lower, 0.4 / haul. Highest average catch in June 1998was in the 
Kickamuit River (1.8/haul) followed by the Taunton (1.3/haul), Cole (0.8/haul), and Lee 
(0.1/haul). Overall, the young-of-year survey catch-per-unit-effort results were highly correlated 
to the results ichthyoplankton (r = 0.909, P = 0.005) and trawl (r = 0.938, P = 0.002) results. 
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Catches in late June were higher than in early June indicating young-flounder were still moving 
into the shallows, at least through late June. The daily 1998 growth rate was the highest 
observed to date, averaging 0.77 d d a y  during June. An estimate of the mortality rate for 1998 
could not be obtained because, for the first time in the survey, catch rates did not decline until the 
last sampling date (August). 

Entrainment 
Ichthyoplankton entrainment collections were conducted concurrently with Mount Hope Bay 
ichthyoplankton sampling, Le., once in February and every four to five days thereafter until mid-
May. Triplicate samples were obtained by streaming 333-pm mesh, 60-cm diameter plankton 
nets in the Units 1,2, and 3 discharge stream. Sampling of the Unit 4 discharge was not 
conducted in 1998because, during the larval flounder season, Unit 4 operated in “piggyback” 
mode. 

Concentrations of winter flounder in the Brayton Point discharge closely followed concentrations 
in Mount Hope Bay, 3= 0.66 1, P 10.0001. Larvae were present in the discharge stream when 
sampling first began on February 17, reached a peak geometric mean density of 52 larvae per 
100 m3on April 8 and 13, and declined to 3 / 100 m3by May 18 when sampling ended. The 
mean March-April1998 Station flow was 710 MGD. The estimated total number of winter 
flounder larvae entrained by Units 1,2, and 3, therefore, was approximately 49 million. The 

J I number of entrained winter flounder during 1998was the lowest yet observed and is consistent 
i with the record low Bay-wide abundance. 

Based on life-stage specific survival rates and the number of entrained winter flounder by life 
stage, the entrainment loss expressed as equivalent age 3 adult flounder is 23,419 (or 14,051 
lbs.). Using the general, unstaged survival rates, the estimated loss of equivalent age 3 flounder 
is 3,024 (1,815 lbs.). 

Comparison of discharge concentrations with concentrations of winter flounder in the intake 
indicated that intake concentrations, especially bottom samples, were significantly different than 
the discharge. Correcting for this difference, the revised equivalent adult loss estimates are 
18,148 for the staged approach and 4,608 for the unstaged approach. 

Revolving Screens 

. Finfish impinged on the revolving screens at Units 1,2 and 3 were monitored at least three times 
per week by diverting screenwash water into a collection tank.All fish collected were identified, 
counted, and measured. In 1998 Unit 1 was out of service for two weeks starting in March, and 
its circulating pumps and screens were not in service during that time. Unit 2 screenwash system 
was operational throughout the year. Unit 3 was out of service the last week of March and for 
three weeks during December. 

A total of 46 species were observed in 1998. Numerically, the most abundant species were 
winter flounder (14.0%), alewife (10.0%), hogchoker (8.0%), Atlantic menhaden (7.2%), silver 
hake (7.0%),tautog (6.3%), Atlantic silverside (5.1%), Atlantic tomcod (4.6%), butterfish 
(4.5%), blueback herring (3.8%), threespine stickleback (3.5%), smallmouth flounder (3.4%), 
and oyster toadfish (3.0%). The annual impingement rate for Units 1,2,3 averaged 0.62 fish per 

Brayton Point Station 
1998 Annual Report 11-6 

1 
1 
I 
I 
I 
1 
1 
1 
I 
1 
I 
I 
1 
I 
1 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

1 .  
I 
I 
I 
I 
1 

hour. The estimated number of total number of impinged fish during 1998 was 5,722, the lowest 
number since the study began in 1972. The average total impingement for the period 1972-1997 
is nearly an order of magnitude larger, 53,174. During 1998 a total of 801 winter flounder were 
impinged compared to the 1972-1997 average of 6,658. 

The dominance diversity index based on the 16 most numerically abundant species, despite an 
improvement in 1998, indicated a significant downward trend. This indicates that the 
concentration of individuals in fewer species that was observed in the trawl studies is also 
reflected in the impingement data. This trend, however, is not apparent when all species are used 
in the analysis. 

Heavy Metals 
Heavy metal concentrations may be increased in aquatic habitats through a variety of 
anthropogenic activities. Because the burning of fossil fuels is one of these activities, 
concentrations of aluminum, arsenic, cadmium, chromium, cobalt, copper, iron, lead, 
manganese, nickel, selenium, vanadium, and zinc have been monitored since 1979. Station A', 
under the Brayton Point Station's discharge plume, was selected to be indicative of the power 
plant effect while Station F, Spar Island, was meant to be a control station. In 1987 several 
stations were added within the Taunton River in recognition of its long history of industrial and 
municipal discharges, particularly wastewater treatment effluent. 

In 1998, heavy metal concentrations in quahogs were analyzed fiom StationsA', F, and M 
(Taunton River near Montaup). Samples were taken in April, July and November. 
Approximately equal sized quahogs were collected from the field, placed on ice and returned to 
the laboratory for preparation. Prepared specimens were then sent to a state certified analytical 
laboratory for analysis using atomic absorption spectrophotometry. 

Based on the 1979-1998 data set, metal concentrations were similar at Station A' and Station F 
for most metals except of iron and mercury, which occurred at greater concentration at Station F. 
Results using the shorter 1988-19998 data set, with Station M, yields much the same picture. 
Most metal concentrations were not significantly different among the three stations. The only 
exceptions were that copper and iron concentrations were highest at Montaup Station M and 
vanadium was significantly greater at A'. Trend analysis indicated that arsenic was the only 
element showing a statistically significant increase over time. The results give no indication that 
Brayton Point Station is a major source for heavy metals. 

Temperature, Flow and Heat Load 
During 1998, discharge temperature, delta temperature, heat load and discharge 001 and 
circulating water flow limits as outlined in the NPDES permit and MOA I1 were not exceeded. 

Barrier Net 
Since August of 1975, Brayton Point Station hasmaintained a net located at the terminal end of 
the discharge canal to serve as a barrier to fish attempting to enter the discharge canal. The net is 
similar to a commercial trawl net with a stretched mesh size of approximately 2V2 inches. The 
last time the net was replaced was on June 25,1997. 
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The barrier net is inspected and maintained on a routine basis by a diving contractor. Any dead 
fish observed in the net are counted, identified and length measurements estimated. In addition, 
the quantity of fish sighted upstream and downstream of the net are estimated by their size and 
species type. These observationsare reported to the EPA and MA DEP in a quarterly report. 

Unusual Fish impingement and Fish Kills 
Although the NPDES permit requires impingement monitoring 3 times per week, sinceMarch 
1997, finfish impinged on the Units 1,2 and 3 intake screenswere identified, counted and 
measured almost daily by Marine Research Inc. In 1998, there were no unusual impingement 
events. 

Biocide Applications 
Sodium hypochlorite and halogenated hydantoin compoundshave been used asbiocides to 
control micro-biofouling in the circulating water cooling system condensers of Unit No. 1,2 and 
3. Since, 1991, no biocide was applied to the Unit No. 4 circulating water system. 

From 1996 though early 1998, Unit 1,2 and 3’s condensers were treated with a halogenated 

hydantoin compound via the targeted biocide system. In July 1998, the biocide was switched to 

sodium hypochlorite after a test trial in October 1997. 


During 1998, biocide residuals were monitored as described in the discharge permit with one 
exceedance of the condenser outlet TRO limit. Refer to section VI1 of this report for additional 
information. 

In 1998, station service water systems were treated on five occasions (June, July, August, 
October, and December) with Betz Clam-Trol CT-1 to control fouling and blockage by blue 
mussels and barnacles. 
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Figures 

Location of seven hydrographic sampling stations and ichthyoplankton 
station 10. 

Monthly mean air temperatures, departure fiom normal, Providence 
Green Airport. 

Monthly mean air temperature recorded at Providence's Green Airport, 
1973-1998. 

Monthly high air temperatures recorded at Providence's Green Airport, 
1975-1 9 8 .  

Annual coolimg degree-days recorded at Providence's Green Airport, 
1973-1998. The time series average is also shown. 

Annual heating degree-days recorded at Providence's Green Airport, 
1973-1998. The time series average is also shown. 

Monthly mean and maximum air temperature recorded at Providence's 
Green Airport,March-August, 1973-1998. 

Cooling degree-days recorded at Providence's Green Airport for June, 
July, and August, 1973-1998 including monthly departures fiom normal 
for 1998. 

Heating degree-days recorded at Providence's Green Airport for February, 
March, and April, 1973-1998, along with departuresfiom normal by month 
for 1998. 

Mean surface and bottom water temperatures recorded at Mount Hope 
Bay Station C, March-August, 1972-1998. 

Mean surface and bottom water temperatures recorded at Mount Hope 
Bay Station 1O/F,March-August, 1973-1998. 

Mean surface and bottom water temperatures recorded at URI'sFox 
Island trawl station, June, July, and August, 1973-1998. 

Mean mid-depth and bottom dissolved oxygen recorded at Mount Hope 
Bay Stations C and F, May-August, 1972-1998. 

Percent of dissolved oxygen readings reaching 5 ppm or lower at 
Stations C, F, I, and IM,1972-1998. 

Percent of dissolved oxygen readings reaching 4 ppm or lower at 
Stations C, F,I, and IM,1972-1998. 
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Figures (continued) 
rn Ea32 
H-16 Percent of dissolved oxygen readings reaching 3 ppm or lower at 

Stations C,F,I, and IN, 1972-1998. H.31 

H-17 Percent of dissolved oxygen readings reaching 2 ppm or lower at 
Stations C,F,I, and I#, 1972-1998. H.32 

I-1 Seven ichthyoplankton stations (solid circles) sampled in Mount Hope Bay. 1.4 

1-2 Location of ichthyoplankton Station M opposite Montaup Power Station 
and Station I in the Brayton Point Units 1,2,3 Intake embayment. Mount 
Hope Bay Station 1 is shown for reference. 1.5 

1-3 Percent contribution for dominant types of fish eggs and larvae taken in 
Mount Hope Bay, February to mid-May 1998. 1.7 

1-4 Mean larval flounder densitiesin Mount Hope Bay by week for 1998 com-
pared with the high and low for correspondingweeks, 1973-1996. I.13 

I-5 Larval flounder curve area abundance indices for 1973-1998. I. 14 

1-6 Annual geometric mean densitiesper 100 n? of water and 95% confidence 
limits for larval winter flounder, Mount Hope Bay, 1973-1998. I. 14 

1-7 Seasonal geometric mean larval winter flounder abundance compared with 
February-April stock abundance in kg per trawl tow, 1973-1998. 1.15 

1-8 Deviation in mean temperature fiom the long-term mean, January-April, 
1973-1978. See Table 1-4 for details. 1.15 

1-9 Average water temperature (10-ft depth contour) recorded in Mount Hope 
Bay on each ichthyoplankton sampling Occasion in 1998 during the larval 
flounder season. The long-term mean (1980-1997) and range are shown 
for comparison. I. 16 

1-10 Annual curve area abundance index for larval flounder compared with 
deviation in January-April water temperature index fiom the time series 
mean. I. 16 

1-1 1 Annual curve area abundance index for larval flounder compared with 
the mean absolute difference in successive water temperature readings. 1.17 

1-12 Mean number of age 1 winter flounder per tow, February-May, compared 
with deviation in mean water temperature. 1.17 
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Firmres (continued) 

Seasonal geometric mean larval winter flounder densities per 100 m3 of 
water in upper and lower halves of the water column at Brayton Point 
Units 1,2,3 Intake Station I, 1995-1998. An * asterisk indicates where 
statistically significant differences were detected. 

Seasonal geometric mean larval flounder densities at Montaup Station M, 
Mount Hope Bay 1, and the UNts 1,2,3 Intake, 1994-1998. An * asterisk 
indicates where statistically significant differences were detected. 

Entrainment sampling locations for Brayton Point Units 1,2,3 and Unit 4. 

Average station flow in thousands of gallons per minute, March-April 
1973-1998. 

Total estimated numbers of larval flounder entrained by Brayton Point Units 
1,2,3 and 4, 1992-1998. 

Annual Bay abundance index for larval winter flounder compared with total 
numbers entrained at Brayton Point Station, 1973-1985, 1992-1998. 

Seasonal geometric mean larval flounder densities per 100 m3 of water by 
stage in upper and lower halves of the water column at Brayton Point Units 
1,2,3 Intake Station I and Discharge, 1994-1998. An * asterisk indicates 
where statistically significant differences were detected. 

Area map of upper Mount Hope Bay showing Brayton Point and Borden 
Flats. 

Seasonal geometric mean densities per 100 m3 of water for rockling and 
labrid eggs as well as sculpin and sand lance larvae in upper and lower halves 
of the water columnat Brayton Point Units1,2,3 Intake Station I and 
Discharge, 1994- 1998. An * asterisk indicates where statistically significant 
differences were detected. 

Location of long-term fixed otter trawl transects. 

Pool of 23 trawl transects in upper Mount Hope Bay and the Taunton 
River fiom which randomly-selectedtransects were chosen. 

Approximatelocations of shallow (<20 A) and deepwater 0 2 0  A) trawl 
transects in Mount Hope Bay. 

Approximatelocation of RIDEM’SOhioLedge and Warren River trawl 
transects. 
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Firmres (continued) 

Relationship between nurrluer of standard trawl tows and number of species 
collected annually in Mount Hope Bay, 1992-1998. 

Percent contribution by species for fish taken by standard (upper) and fine-
mesh trawl, January-December 1998. 

Mean number ofwinter flounder (upper) and all fish taken per tow by the 
standard trawl in Mount Hope Bay by depth strata, 1998. 

Winter flounder total length-fiequency distribution for standard (upper) and 
fine-mesh Wdcox trawls, January-June 1998. 

Mean monthly catch per standard otter trawl tow for winter flounder during 
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1998. Median monthly catch per tow for 1972-1997 is shown for comparison. F.28 

Annual delta means with confidence limits for winter flounder collected by I 
standard trawl in Mount Hope Bay, 1972-1998 (top) and 1987-1998. F.29 

Annual abundance trends for winter flounder in six New England surveys. 1 
See test for details. 

Annual delta means with confidence limits for windowpane collected by 
standard trawl in Mount Hope Bay, 1972-1998 (top) and 1987-1998. 

Annual abundance trends for windowpane in six New England surveys. 
See text for details. 

Annual delta means with confidence limits for tautog (top) and 
hogchoker collected by standard trawl in Mount Hope Bay, 1972-1998. 

Annual abundance trends for tautog in four New England surveys. See 
text for details. 

Annual abundancetrends for hogchoker in two New England surveys. 
See text for details. 

Annual delta meanswith confidence limits for scup (top) and butterfish 
collected by standard trawl in Mount Hope Bay, 1972-1998. 

Annual abundancetrends for scup in four New England surveys. See 
text for details. 

Annual abundance trends for butterfish in four New England surveys. 
See text for details. 
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Fiaures (continued) 

Annual delta means with confidence limits for little skate collected by 
standard trawl in Mount Hope Bay, 1972-1998. 

Annual abundance trends for little skate in four New England surveys. 
See text for details. 

Aggregate resource abundance fiom three trawl surveys - Mount Hope 
Bay standard trawl, Rhode Island Division of Fish and Wildliie Narm
gansett Bay trawl, and URIGraduate School of Oceanography trawl, 
1972-1998. Adapted fiom Gibson (1996). 

Dominance diversity values for Mount Hope Bay standard trawl, 1972-1998. 

Stratified monthly means for winter flounder collected with the fine-mesh 
Wilcox trawl, 1998. 

Mean number of winter flounder (mid) and all fish per tow by depth strata 
collected with the tine-mesh Wilcox trawl in Mount Hope Bay, 1998. 

Stratified mean number of winter flounder, windowpane, and all fish, fins 
mesh trawl, 1998. 

Seasonal delta mean number of winter flounder (top) and all fish taken by 
fine-mesh trawl in Mount Hope Bay, February-May, 1993-1998. 

Location of latitude 41 "40'line used to divide Mount Hope Bay into 
upper and lower halves. 

Mean number of fish per tow for winter flounder (top) and all species 
in upper and lower halves of Mount Hope Bay, fine-mesh trawl, 1998 

Comparison of estimated number of winter flounder per hectare along 
deep-water transects based on fine-mesh Wilcox and RIDEM trawls 
sampled in Mount Hope Bay, 1996-1998. 

Comparison of estimated number of winter flounder per hectare along 
shallow-water transects based on fine-mesh Wilcox and RIDEM trawls 
sampled in Mount Hope Bay, 1996-1998. 

Comparison of estimated number of all fish per hectare along deep-water 
transects based on fine-mesh Wilcox and RIDEM trawls sampled in Mount 
Hope Bay, 1996-1998. 
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Comparison of estimated number of all fish per hectare along shallow
transectsbased on fine-mesh Wilcoxand RIDEM trawls sampled inMount 
Hope Bay, 1996-1998. 

Comparison of estimated average number of winter flounder per hectare 
along Warren River and OhioLedge transects in Narragansett Bay based 
on he-mesh Wdcox and RIDEM trawls, 1997 and 1998. 

Comparison of estimated average number of all fish per hectare along 
Warren River and OhioLedge transects in Narragansett Bay based on 
fine-mesh WitCox and RIDEM trawls, 1997 and 1998. 
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- ,Comparison of annual log mean catch per tow for winter flounder (top) 
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F.139 

F.136 

F.140-141 

F.142-144 

and all fish between the standard trawl, the Wilcox trawl, and RIDEM’S 
trawl towed I Mount Hope Bay, 1990-1998. 

Percent contribution by species for fish impinged on the Brayton Point 
Unit 1,2,3 screens, Janwy-December 1998. 

Mean impingement rates for alewife, Atlantic menhaden, silver hake, 
Atlantic silversides, threespine stickleback, white perch, and Winter 
flounder, January-December 1998. 

Mean number of winter flounder impinged per hour at Brayton Point 
during February-March and during March compared with mean number 
per otter trawl tow for January-May in Mount Hope Bay, 1973-1998. 

Dominance diversityvalues for 16 typical dominants and all species col
lected fiom Brayton Point Units 1,2,3 intake screens, 1972-1998. 

Location of beach seine sites. 

Percent contribution for the numerically dominant species of fish taken 
in 300 and 60-ft beach seines in Mount Hope Bay, March-October 1998. 

Numbers of Atlantic silversides, striped killifish, mummichogs, and 
bluefish collected by beach seine by month and station in Mount Hope 
Bay, 1998. 

Mean number of Atlantic silversides, alewives, striped killifish, and 
mummichogs per beach seine haul with 604and 3004  nets and 
bluefish with 300-ft net, 1972-1998. 
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Firmres (continued) 

Dominance diversity values for Mount HopeBay beach seine 60-ft and 
3004nets, 1972-1998 

Locations of young-of-the-year beach seine stationsin Mount Hope Bay 
tributaries. See text for details. 

Mean number of young-of-the-year winter flounder taken per seine haul 
during two June sampling series, 1992-1998. 

Stratified mean number of young-of-the-year winter flounder per seine haul 
during June 1992-1998 (top), June 1993-1998 (mid), and June-August 
1992-1998.. 

Percent of young-of-the-year catch by tributary during June (top) and 
June-August 1992-1998 

Survival rates calculated over 30 days in July, young-of-the-year winter 
flounder, 1993-1998. 

Monthly cooling degreedays recorded at T.F. Green Airport, Providence 
Rhode Island, May-September, 1992-1998. Data fromNOAA National 
Weather Service. 

Total length data for age-0 winter flounder by sampling series, 1992-1998. 

Linearized daily growth rates for young-of-the-year winter flounder, June 
1992-1998, June-July 1993-1998 

Early June water temperatures in Mount Hope Bay, 1992-1998. 
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F.170-171 

F.172 

F.172 

Mean number of young-of-the-year winter flounder collected in Mount Hope 

Bay, Narragansett Bay, Massachusetts, Connecticut, and New York surveys, 

1992-1998. F. 173-174 


Relationship between annual larval abundance and mean number of young

of-the-year winter flounder per seine haul in June, 1992-1998. F.175 


Relationship between mean number of young-of-the-year winter flounder 

per seine haul in June and number of age 1 flounder collectedby trawl the 

following ~prin&1992-1998. F.175 




Figures (continued) 
No. 
M-1 Location ofstations sampled for heavy metals in quahogs in Mount 

Hope Bay and its tributaries. StationsF, A', and M currently sampled. M.l.l 

M-2 	 Heavy metal concentrations in quahogs @g/g wet weight), Mount 
Hope Bay, autumn, 1979-1998, with least squares trend lines. M. 12-16 

M-3 	 Heavy metal concentrationsin quahogs @g/g wet weight), Mount 
Hope Bay, April, July, and November 1998, by station. M. 17-20 

M-4 	 Heavy metal concentrations in quahogs @g/g wet weight), Mount 
Hope Bay Station M, 1988-1998, with fitted trend lines. M.2 1-25 
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Average air temperature (OF) for Providence and Boston, Jmary-mmber 
1998 ( N O M  monthly summaries). 

Mean monthly water temperatures ("C)for StationsF, C, and I#4 in Mount 
Hope Bay, March-August, 1986-1998. 

Number of occasions when Hydrolab readings were taken at Mount Hope 
Bay Stations C and F, 1972-1998. 

Number of occasions when Hydrolab readings were taken at ichthyoplankton 
Station 10 inMount Hope Bay, 1972-1998. 

Results of linear trend analyses for 1985-1998 subsets of surfbe and bottom 
water temperature time series at Mount Hope Bay Stations C and lO/F. 

Results of trend analyses for mid-depth and bottom dissolved oxygen time 
series at Mount Hope Bay Stations C and 1O/F, 1972-1998. 

Mount Hope Bay and Brayton Point ichthyoplankton sampling i n f o d o n .  

Species of fish represented by eggs (E) and larvae Q in Mount Hope Bay 
ichthyoplankton collections taken fiom February to mid-May 1998. (Results 
shown by week for March-May). 

Annual geometric mean densities per 100 m3 of water along with 95% 
confidence limits for larval winter flounder, Mount Hope Bay, 1973-1998. 

Adult stock size (kg/tow) during February-April and seasonal larval 
abundance per 100 m3 of water for Mount Hope Bay winter flounder. 
Correlation coefficient matrix is shown below. 

Mount Hope Bay winter flounder season temperature index ("C), January-
Apd 1972-1998. 

Correlation matrix between laraval winter flounder abundance in Mount Hope 
Bay and two measures of water temperature. 

Seasonal geometric mean densities per 100 m3 of water with 95% confidence 
limits for larval winter flounder collected in upper and lower halves of the 
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H.36 
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H.38 

1.21 

1.22 

1.23 

1.24 

1.25 

1.26 

water column, Brayton Point Intake Station I, 1994-1998. 1.27-28 

Summary data Erom two-way factor (date and station) analysis of variance 
comparing larval flounder densities (total and staged) at Montaup Station M, 
MHB 1, and BP 1,2,3 Intake I, 1998. 1.29 



Tables 
No. m 
1-9 	 Summary data from two-way b o r  (date and station) analysis ofvariance 

comparing larval flounder densities (total and staged) at Montaup Station 
M,MHB 1, and BP 1,2,3Intake I, years pooled. 1.30 

1-10 	 Summary data for larval flounder catch ratios fiom 0.333and 0.505-mm 
mesh samples collected inMount Hope Bay, March-April 1998. 1.31 

1-11 	 Summary data for larval flounder catch ratios from 0.333and 0.505-mm 
mesh samples collected in Mount Hope Bay, March-April 1994-1997, 
1978,1977. 1.32-33 

1-12 	 Mesh extrusion scalar values used to calculate laraval winter flounder 
entrainment totals. See text for details. 1.46 

1-13 	 Estimated numbers of winter flounder larvae entrained at Brayton Point and 
number and weight of equivalent age 3 fish lost to the population, 1973-1985, 
1992-1998.Calculationsbased on general, unstaged survival values. 1.47 

1-14 	 Estimated numbers of winter flounder entrained at Brayton Point by stage 
and number and weight of equivalent age 3 fish lost to the population, 1978
1998.Calculationsbased on survival values by larval stage. 1.48 

I-15 	 EA values for unstaged and staged winter flounder larvae compared with 
commercial and recreational landings data, 1973-1998. 1.49 

1-16 	 Summary statistics for analysis of variance comparing stage 1 larval flounder 
densities at Brayton Intake upper and lower with the discharge. 1.50 

1-17 	 Summary statistics for analysis of variance comparing stage 2 larval flounder 
densities at Brayton Intake upper and lower with the discharge. 1.51 

I-18 	 Summary statistics for analysis of variance comparing stage 3 larval flounder 
densities at Brayton Intake upper and lower with the discharge. 1.52 

1-19 	 Summary statistics for analysis of variance comparing total larval flounder 
densities at Brayton Intake upper and lower with the discharge. 1.53 

1-20 	 Estimated total numbers of larval winter flounder entrained at Brayton Point 
Station based on both intake and discharge densities. Equivalent adult (EA) 
estimates using the unstaged and staged approach are shown for both sets 
of values. 1.54 

1-21 	 Summary statistics for analysis of variance comparing labrid egg densities 
at Brayton Intake upper and lower with the discharge. 1.55 
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Tables (continued) 

Summary statistics for analysis of variance comparing larval sculpin 
densities atBrayton Intake upper and lower with the discharge. 

Summary statistics for analysisof variance comparing fourbeard rockling 
egg densities at Brayton Intake upper and lower with thedischarge. 
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Introduction 

This report presents results of the Mount Hope Bay monitoring program related to the 
operation of Brayton Point Power Station carried out by Marine Research, Inc. during 1998 for U.S. 
Gen New England, Inc. 

Investigations include hydrographic measurements, sampling and analysis of larval winter 
flounder, sampling of finfish with two ottertrawls and two beach seines at fixed and random locations 
in Mount Hope Bay as well as fiom the revolving screens at Brayton Point. Reinstated in 1992, 
entrainment sampling was conducted during the 1998 larval winter flounder season in the Units 1,2,3 
discharge stream. 

Additional ichthyoplankton sampling was also completed in the Brayton Point intake 
embayment and near Montaup Power Station on the Taunton River. 

A beach seine survey of young-of-the-year flounder was completed during June, July, and 
August, the seventh year for these collections. 

As part of a long-term monitoring program, quahogs were collected on three occasions in 
spring, summer, and fall and their tissues analyzed for concentrations of thirteen heavy metals. 
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Hvdroeraphic Data 

Introduction 

Hydrographicparameters consisting of watertemperature, dissolvedoxygen, pH, and saliity 
have been monitored in Mount Hope Bay since 1972. Data collected during 1998 are presented 
below with a focus on water temperature and dissolved oxygen particularly as they compare with 
the available time series. 

Summary 

During 1998, hydrographicmeasurements - temperature, dissolved oxygen, salinity and pH -
were taken accordingto the sampling schedule established by the Station’sNPDESpennit dated June 
16, 1993: monthly in January, February, October, November, and December, and approximately 
every four to five days from March through September. 

Providence air temperature data averaged on a monthly basis indicated that in general 1998 
was a mild year with only June and November departing from the 1961-1990 mean in a negative 
direction. January, February, and December were particularly mild. A review of surface and bottom 
water temperatures for the months of March through August was completed for Station C in the 
upper Bay and for Station 10 or F at mid-Bay over the 1972-1998 time series. Based on linear 
regression analyses, no significant trends were detected at the 95% probability level over the entire 
time series or over a subset consisting of 1985-1998. Over the 1985-1998 period no trends were 
apparentin lowerNarragansettBay at URI’sFox Island station. Providenceairtemperaturesshowed 
a significant upward trend for the month of June, 1985-1997, but the relationship was no longer 
apparent with the addition of 1998. 

An analysis of 1972-1998dissolved oxygen values from StationsC and F showed significant 
positive trends in several cases. These occurred for Station C, July, mid-depth, Station 1O/F, June, 
mid-depth and bottom. Slopes ranged from 0.030 to 0.039. Three additional positive slopes were 
noted at the 90% probability level suggesting that some improvement in water quality has occurred. 
Bottom dissolved oxygen values below 2 ppm have occurred many years in Mount Hope Bay, 
generally accounting for less than 12% of all readings taken during June-August at Station C. These 
hypoxic excursions dateback to 1972and do not appear to have increased in frequency over the time 
series. During June-August 1998bottom readings below 5 ppm were noted on 65% of the occasions 
at Station C, 55% of the occasions at Station I, and 25% of the occasions at Station F and I#. 

Methods 

Sampling was conducted at the seven locations shown in Figure H-1 using a Hydrolab 
Surveyor 3 or Endeco\YSI 600XL.Measurements were made at 5-foot intervals from surface to 
bottom at StationsF, C, A’, I, and I#. On each occasion readings were also taken in the well-mixed 
Brayton Point discharge channel at an approximate depth of 2 feet at locations A and D. Each station 
was sampled monthly in January, February, October-December, and approximately every four to five 
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Figure H-1. Location of seven hydrographic stations and ichthyoplankton station 10. 
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days from March through September wind permitting. Parameters reported for each station were 
temperature (fo.1 "C), dissolved oxygen (fo.1 ppm), pH (fo.l), and salinity (= conductivity, M.1 
PPd .  

Results and Discussion 

Providence air temperature data averaged on a monthly basis indicated that 1998 was, in 
general, a mild year with only June and November departingfiom the 1961-1990 mean in the negative 
direction. January, February, and December were particularly mild with departuresfiom normal of 
+7.2,7.3,and 5.7F, respectively. March was also warm with a departurefiom normal of +3.8 F and 
readings of 79 to 85 F being recorded on each of the last five days of the month. The summer began 
with a slightly cool June (departure = -0.9) followed by a slightly warm July (departure =+0.8) and 
warm August and September (departures =+2.0 and +2.2, respectively). Similar observations were 
recorded in Boston for 1998 although January and February did not depart quite so far from normal 
asProvidence (45.3 and +5.0 F, respectively) and June was even cooler (departure=-3.0).The mild 
summer was reflected in the annual cooling degree-days total for Providence which was within 6% 
of normal (1998 = 769, mean = 728), and the warm winter in the annual heating degree-days total 
was 14%below normal (1998 = 4920, mean = 5718). Refer to Figures H-2 through H-9 and Table 
H-1. 

Hydrographic data recorded in Mount Hope Bay during 1998 are located in Appendix Table 
A1. Mean monthly water temperatures over the entire water column for Station F,Station Cyand 
Station I##4 over the months ofMarch-August are presented in TableH-2 alongwith comparable data 
for the 1986-1997 time serieswhich utilized the current sampling protocol. For 1998, average water 
columntemperaturesconformedto the air temperaturedata with March, April, and May values above 
average by 1 .O C or more, The widest departure (+1.4 C) was observed at Station F in April. The 
water column temperature for June was below average (range = -0.2 to -0.8 for the three stations), 
consistentwith below-average air temperaturesrecorded that month. TheBaytemperaturesremained 
slightly below average in July ranging fiom -0.2 at Station I#4 to -0.8 C at Station C likely lagging 
behind the cool June. For the month of August, Mount Hope Bay was nearly average at Station F 
(departure = +0.4 C) and Station C (departure = +0.4 C) and just above average at Station I#4 
(departure = 4-0.6) 

Average monthly surface and bottom water temperatures plotted for the months of March 
through August for the complete time series of the Mount Hope Bay monitoring program appear in 
Figures H-10 and H-1 1 for StationsC and IO@. Station C was selected asan upper Bay location and 
Station 1O/Fas a mid-Bay location. Station C was sampled throughout the time seriesalthoughfiom 
1976 to 1986 readingswere only taken once or twice per month during March and April (Table H-3). 
Station 10, currently included in the ichthyoplankton program, was sampled more frequently during 
spring ofthe 1972-1985 period. This stationwas removed fiom the hydrological monitoring program 
after mid-May beginning in July 1993 (Table H-4). To complete the Station 10 time series, Station 
F hydrographic data were used after mid-May from 1994 through 1998. Station 10 (just west of Spar 
Island) and Station F (just south of Spar Island) are within 1 nm of each other and are equal in water 
depth and at about the same latitude within the Bay. 
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An historical review of surface and bottom readings at Station C using hear regression 
indicated that surface and bottom temperatures in July increased significantly over the 1985-1995 
period, The observed slope of 0.276for surface water and 0.262for bottom water translated to an 
overall increase of 3.0and 2.9C,respectively (NEP et al. 1998). A similar statistically significant 
increase was observed at Station F during July but only for surface waters (slope = 0.205 C,2.3C 
overall). An upward trend was also detected in lowerNarragansettBay water temperatures using the 
University of Mode Island Graduate School of Oceanography(URIGSO) Fox Island trawl station 
data set. Significant, positive slopeswere found there for June surface readings and July surface and 
bottom readings. Increases in both areasOfNarragansettBay were consistent with overall increases 
in air temperatures as recorded at Green Airport in Providence (NEP et al. 1998). 

The relatively cool summer of 1996 reversed the observed upward trends in water 
temperature in Mount Hope Bay (NEP et al. 1998,Figures H-10,H-1l), With the addition of 1997 
and 1998 readings, the data sets were re-examined for trends both over the fill 1973-1998time 
series and the 1985-1998series subset. Linear trend analysis for the 1973-1998period produced 
no significant trends at the 95% probability level. At the 90% level a slight upward trend was 
detected at Station C, bottom water for the month of August (p = 0.088,R2= 11.2%). The trend 
amounted to an annual increase of 0.039C per year or a total of 1 .O C over the 26-year time series. 
Focusing on the 1985-1998temperature subset of the time series, no statistically significant trends 
were detected at the 95% probability level. At the 90% probabilitylevel a single significant trend was 
found at Station 1O/F for July surface waters (Table H-5).The slope in this case was 0.108(p = 
0.092)corresponding to an overall increase in temperature of 1.5 C. 

Temperaturetime series were also reexamined for the URIGSO trawl station located at Fox 
Island and for Providence air temperatures (see also NEP et al. 1998). The Fox Island station is 
located in 20 feet of water, similar to the Mount Hope Bay stations. Surface and bottom readings 
were recorded there weekly when each trawl tow was taken (see also Section F, trawl section of this 
report). Over the 1985-1998period no trends were apparent in the Fox Island data although, as 
reported in NEP et al. (1998);an upward trend was detected from 1985-1995for June surface 
readings, July surface and July bottom readings (FigureH-12).Providenceair temperatures showed 
a significant upward trend in the month of June for the1985-1997period (slope =0.115,p =0.026) 
translating to an overall increase of 1.5 C,but the addition of the cool June 1998 data set resulted in 
a slope which was no longer significantlydifferent from zero (p=0.228).Assumingatime lag occurs 
between changes in air and changes in water temperature, the increase in July surface water 
temperature noted above at Station 1O/F is consistent with increases in ambient air temperature. 

Dissolvedoxygenconcentrations in Mount HopeBayvary considerablywith season, location, 
and depth. Mixing action fiom tides and wind can also impact dissolved oxygen concentrations, 
particularly in shallow areas. Dissolved oxygen levels in shallow portions of the upper Bay 
particularly in and near .the mouths of the tributary rivers are also influencedby abundant growth of 
macroalgaeparticularly Ulva lactuca, sea lettuce. Generally,dissolvedoxygendecreasesfiom surface 
to bottom as attenuation of light limitsphotosynthesis. During the warmer months, increase in water 
temperatures and the reduction in vertical mixing associated with thermal stratification can adversely 
impact dissolved oxygen levels particularly near the bottom where epibenthic and benthic fauna are 
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in their season of highest biological activity and oxygen consumption. Salinity and barometric 
pressure can also affect dissolved oxygen saturation, values increasing with rising pressure and 
reduced salinity. No pattern is observablefor dissolved oxygen over the time series when comparing 
extremely low dissolved oxygen values to unusually high bottom temperatures. For example, at 
Station C the lowest bottom dissolved oxygen values in 1996 were 2.1 ppm (July 25) and 1.8 ppm 
(August 7) when bottom water temperatures were a relatively cool 20.4 C and 21.8 C, respectively. 
By contrast at this same location on August 27 that same year a bottom dissolved oxygen value of 
7.3 ppm was recorded with a bottom temperature of 24.0 C, and on July 8 the bottom dissolved 
oxygen measured 9.9 ppm with a temperature of 23.5 C. Similar examples are quite commonly 
encountered at all three shallow hydrographicstations (Appendix Table Al). 

Dissolved oxygen in Mount Hope Bay is actively being reviewed and studied at this time as 
one possible variable contributing to the decline of local fish stocks (ASA 1996). Sincefish stocks 
declined, particularly after 1985, the dissolved oxygen time series was examined to determine if a 
declining trend in summer oxygen could be detected. Mid-depth and bottom readings taken by 
Hydrolab at Stations C and F were averaged within each month for May through August and 
examined by hearregression over the 1972through 1997 time series. The number of readings taken 
within each month was the same as for the temperature analyses above (Table H-3). Significant 
positive trends (p < 0.051) were detected in all four cases for June (slopes = 0.032 to 0.047). For 
July, a significantpositive trend was detected at Station C, mid-depth (slope =0.040, p =0.043) and 
at the lower 90% probability level at Station F, mid-depth (slope =0.025, p =0.070). No significant 
trends were detected with the August data at either the 95 or 90% probabilitylevel (NEP et al. 1998). 
Whether statistically different from zero or not, most trends were positive suggesting that overall 
daytime oxygen levels may have improved. However non-positive slopes were obtained with the 
1972-1997 data for May at mid-depth and bottom. The probability of obtaining 14 positive slopes 
among 16 by chance alone is only about 0.2% (Sprent 1989). 

In allcases, mean monthly dissolved oxygen valuesrecorded duringthe summer of 1998were 
lower then those recorded in 1997 but in only one instance was the monthly mean notably low 
compared to the overall 1972-1997 time series (FigureH-13). Station C’s bottom mean for July (3.4 
ppm) was the second lowest of the past ten years (1 995 = 3.1 ppm) and the third lowest of the time 
series (1982 = 2.4 ppm). Re-examination of the time trends data with the addition of 1998 showed 
that three statistically significant trends were detected, in each case the slopes being positive (Table 
H-6). These occurred for Station C, July, mid-depth, Station 106, June, mid-depth and bottom. 
Slopes ranged fiom 0.030 to 0.039. Three additional positive slopes were noted at the 90% 
probability level; Station C, June, mid-depth and bottom, and Station C, August, bottom. The fact 
that each of these slopes was positive suggests that oxygen levels may be improving as noted above. 

Meanmonthly dissolved oxygen readings could readily mask occasional hypoxic events (2 
ppm or less) in Mount Hope Bay which would likely have a negative effect on the health and 
distribution of fishes utilizing the Bay. Realizing that all Hydrolab measurementsare taken during 
daylight hours and that low-oxygen events could occur more frequently during pre-dawn hours, the 
number of bottom readings falling to or below 5, 4, 3, and 2 ppm were tabulated for each year 
(Figures H-14 - H-17). Five ppm was selected for the first query because that level is used to help 



H.6 

define water quality standardsin both Rhode Island and Massachusetts. Tabulationswere completed 
for June through August at StationsC and F plus Station I and Station I#4 over the 1972-1998 time 
series. These data indicate that oxygen readings below 5 ppm are common in summer averaging 
49%,36%, 68%, and 19% of the readiigs at StationsC, F,I, and IM, respectively. The current 1998 
season was, in terms of the 5 ppm level, below average at Station F and IM (each 25% of the 
readings) but above average at Stations C (65%) and I (55%). As might be expected low dissolved 
oxygen readings are less prevalent in the mid-Bay waters around Station F then at the other three 
locations although values of 4 ppm or below have O C C U K ~ ~there every year but three (1987,1996, 
and 1997) and occasionally exceed 20% of the June-August readings. At Station C, readiigs at or 
below 4 ppm have been common, accounting for 20 to 50% of the summer values in allbut six years 
over the 27-year time series. In 1998,40% of the readings at this station were at or below 4 ppm. 
Values at or below 2 ppm also occurred during the time series at Station C but in most cases these 
readings account for 12% or less of the total daytime readings (5% in 1998). The lowest reading at 
Station C in 1998 was 1.6 ppm on July 13. 

Station I in the Brayton Point Unit 1,2,3 intake averages about 35 feet in depth, nearly twice 
the depth of the other stations. Because of that, it might be expected to st rat^ more readily in 
summer with low oxygen concentrationsdeveloping near bottom. While the proportion of readings 
below a given threshold are not always lower there compared with Station C (see for example 4 ppm, 
1972, Figure H-14), the average proportion is clearly higher there for 4 and 5 ppm (0.388 vs 0.279 
and 0.682vs 0.479, respectively).Interestingly, the averageproportion is somewhat higher at Station 
C compared with Station I at 2 and 3 ppm (0.059 vs 0.028 and 0.136 vs 0.122, respectively). At 
Station I#4 in the Unit 4 Lee River intake, where the time series began in 1984, low readings occur 
but are uncommon, perhaps because oxygen producing macroalgae are prevalent in the surrounding 
shallows and because Brayton Point Unit Four contributes to water circulation there. Inconsistent 
with this general statement, a reading of 0.3 ppm was recorded at Station I#4 on July 13, 1998, the 
lowest oxygen reading of the season over all stations. Perhaps most importantlythese data show that 
while hypoxic events regularly occur, no increase in the number of daytime, low dissolved oxygen 
excursions is apparent over the time series 

While the information presented above focused on the months of June-August, dissolved 
oxygen readings less than 5 ppm do occur in September and on rare occasions in October. For 
example, a bottom dissolved oxygen reading of 2.1 ppm was recorded at StationI on September 12, 
1985 and a reading of 3.4 ppm was obtained at Station C on October 30, 1975. Identification of 
these occurrences is limited by the often reduced sampling interval during those two months, 
particularly October. Sampling occurred only once in September from 1986-1992 and only once in 
October from 1977-1997. During the current 1998 season September readings below 5.0 ppm were 
recorded at Station C and Station I. At Station C a single reading of 4.2 ppm was noted at the 
bottom on September 3 while at Station I readings below 5.0 occurred through September 21. For 
the month of September the lowest reading obtained at Station I was 3.4 ppm on the 3rd. All 
readings taken in the Bay were above 5 ppm by September 25. 
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Providence Green Airport - 1998 
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FigureH-2. Monthlymean air temperatum, departuresfromnormal,Providence’s Green 
Airport. 
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igure H-3. 	Monthly mean air temperature recorded at Providence’s Green Airport, 
1973-1998. 
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Figure H-4.	Monthly high air temperahues recorded at Providence’s Green Airport, 
1975-1998. 
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igure H-5.Annual coolingdegreedays recorded at providence’s Green Airport, 
1973-1998. The timeseries average is also shown. 
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igure H-6.	Annual beating degreedays recorded at Providence’s Green Airport, 
1973-1998. The time series average is also shown. 
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Figure H-7. 	Monthly mean and maximum air temperatures recorded atProvidence’s 
Green Airport,March-August, 1973-1998. 
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Figure H-7 (continued). 
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Figure H-7 (continued). 
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Figure H-8. Cooling degreedays recorded at Providence's Green Airport for June, July, 
August, 1973-1998 including monthly departuresfrom n o d  for 1998. 
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Figure H-8 (continued). 
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Figure H-9. Heating degreedays recorded at Providence’s Green Airport for February, 
March, and April, 1973-1998, along with departuresfrom n o d  by month 
For 1998. 
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Figure H-9 (continued). 
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Figure H-10.Mean surface and bottomwater temperatures recorded at Mount Hope Bay 
Station C,March - August, 1972 - 1998. 
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FigureH-10.(continued) 
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Figure H-10.(continued) 
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Figure H-11. Mean surface and bottom water temperaturesrecordedat Mount HopeBay Station 
1O/F, March - August, 1972- 1998. 



____.__.... _____.. __._.____ _._ ____......._ 

H.22 

Mount Hope Bay Station 1O/F 
Water Temperature- May 

~ .___..._________..______ _ _ _  ....._.___ _____....___. ~ ___.. __.._.._~ _...17 __  _._~ .____ ~ ____....__ 	 4 ._.. ~ .._..__.__.
4I I \  

I 
1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 .I995 1997 


1974 I976 1978 1980 1982 1984 1986 1988 1990 1992 1994 19% 1998 


Y W  


Mount Hope Bay Station 1O/F 
Water Temperature - June 

23 
Monthly Mean (C) 

21 


19 


17 


I5 ' I 

1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 
1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 19% 1998 


Y W  


Figure H-1 1. (continued). 
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Figure H-11. (continued). 
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Figure H-12.Mean surface and bottom water tempeatures recordedat URT's 
FOXIsland trawl Station,June, July, and August, 1973 - 1998. 
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Figure H-13. 	Mean middepth and bottom dissolved oxygen recorded at Mount Hope Bay 
Station CandF,May - August, 1972-1998. 



H26 


Mount Hope Bay Station C 
Dissolved Oxygen - June 

Monthly Mean @pm) 

1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 19% 1998 
1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 

(+Mid-Depth A-Ebthm) 

Mount Hope Bay Station F 
Dissolved Oxygen - June 

Monthly Mean (ppm)
10 

't 

1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 19% 1998 
1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 

FigureH-13. (continued). 

1 

I 

I 

I 

1 

I 

I 

I 
I 
1 
I 
1 
I 
I 
1 
I 
1 
I 
1 



. H.27 

Mount Hope Bay Station C 
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Figure H-13. (continued). 
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FigureH-13. (continued). 

I 



. . . 

. 

oo 

n 

. 

I 
I H.29 


I 
I 
I 
I 
I P 

r-

F 

P 

I 
r

z 
F 

P
H 8 8 ? w 0 

I 
I 
1 
I 
I 

* .1. f
I 
I 

. .. . 

.. .. . ..
* .. . * 
a ... .. 
I ... ...I 

I 

I 




n 

00 

n 

H.30 


I 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 


w 
P 

% 
0, 

x 
s 

g 
b 


8 z 

OD 

s

P 


OD 

c 

W 

P 

rc 

F 
F 


P 

8 

F
F 


P S S W O 


m 




. . .  

. . .  

n 

. . . . . . 

I- 

YI 

m 

m 

. . 

. . . . , 

I 
I H.31 

1 6; 

3 

. . .  s! bI 
i i i l gI . . .  k 

I s 
. . .  se . .

i	 i i p z t

I 	 0 -
00 

I P 


F 

I 
I


F 

1 

I 

I 

1 h 

h 

bE 

I h 
C 

k 

. ... ... 

I. 
. . .  s . . .. . .. s 

o g  
00a0I M d  -
00 

eI F 


I 
P 

F 


I 

I 




2 0 n o 

-

I
f 
Ec. 




H.33 


Table H-1 . Average air temperature (OF)for Providence and Boston, 
January-December 1998 ( N O M  monthly summaries). 

Month 
Providence J m w  

February 
March 
April 
May
June 
July 

August 
September 
October 

November 
December 

Boston January
February 
March 
April 
May

June 

July 


August 

September 

October 


November 

December 


~~ ~~ 

1998 Departure 
Averaae fromNormal 

35.1 7.2 
37.0 7.3 
41.2 3.8 
49.8 2.4 
61.1 3.8 
66.0 -0.9 
73.5 0.8 
73.3 2.0 
66.3 2.2 
54.1 0.5 
43.5 -0.5 
38.5 5.7 

33.9 5.3 
35.3 5 .O 
41.5 2.9 
49.4 1.3 
60.3 2.1 
64.7 -3 .O 
74.4 0.9 
72.5 0.6 
66.3 1.5 
54.5 -0.3 
44.6 -0.7 
39.1 5.5 
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Table H-3. Number of occasions when Hydrolab readings were taken at 
Mount Hope Bay Stations C and F, 1972 - 1998. 

March April May June July August 
1972 2 7 9 9 8 10 
1973 6 4 6 7 9 9 
1974 2 3 3 8 9 9 
1975 4 4 5 8 9 9 
1976 4 5 4 9 9 9 
1977 3 1 3 9 8 9 
1978 1 1 4 9 9 8 
1979 1 1 3 9 9 9 
1980 1 1 4 9 8 9 
1981 1 1 4 9 9 9 
1982 1 1 4 9 8 8 
1983 1 1 4 9 8 9 
1984 1 1 4 9 9 9 
1985 1 1 2 8 7 9 
1986 2 7 5 7 6 7 
1987 7 6 6 7 7 6 
1988 5 6 6 7 6 7 
1989 7 6 7 7 6 7 
1990 6 7 6 7 6 7 
1991 7 6 7 6 7 6 
1992 7 6 7 6 7 7 
1993 7 7 6 7 6 7 
1994 7 6 6 6 8 6 
1995 7 6 7 7 6 7 
1996 7 6 7 6 7 7 
1997 6 7 5 6 5 4 
1998 6 6 6 7 7 6 

Note: 1or 2 readings typically at monthly intervals. 
3 to 5 readings typically taken at weekly intervals. 
6 to 7readings typically taken every 4 to 5 days. 
8 to 10 readings typically taken twice per week. 
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Table H-4. Number of occasions when water temperaturereadingswere 

taken at ichthyoplanktonStation 10 in Mount HopeBay, 
1972 - 1998. 

March April May June July August 
1972 
1973 3 4 5 4 4 5 
1974 4 4 .5 4 5 3 
1975 4 5 4 4 5 4 
1976 5 4 4 5 4 5 
1977 5 4 5 3 5 4 
1978 4 4 5 4 4 5 
1979 5 4 5 4 5 4 

. 1980 7 6 7 6 7 6 
1981 7 6 7 7 6 6 
1982 7 7 3 7 6 7 
1983 6 7 6 7 6 7 
1984 6 7 6 7 5 7 
1985 6 7 7 6 6 7 
1986 5 8 5 7 6 6 
1987 7 6 6 7 7 6 
1988 5 6 6 7 6 7 
1989 6 6 7 7 6 7 
1990 6 7 6 7 6 7 
1991 7 6 7 6 7 6 
1992 7 6 7 6 7 7 
1993 6 7 5 7 3 
1994 7 6 4 
1995 7 6 4 
1996 7 6 4 
1997 6 7 3 
1998 6 6 4 

Note: 3 to 5 readings typically taken at weekly intervals. 
6 to 8 readings typically taken every 4 to 5 days. 
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Table H-5. 	 Results of lineartrend analyses for 1985-1998 subsets of suW 
and bottom water temperature time series at Mount Hope Bay 
StationsC and 10E. 

Subset/
Station Month Strata SloDe R2 1 

C June surface 0.011 0.005 0.810 
Bottom -0.052 0.063 0.387 

July surface 0.100 0.066 0.376 
Bottom 0.060 0.039 0.500 

August surface 0.079 0.065 0.381 
Bottom 0.017 0.080 0.762 

10E June Surface 0.023 0.015 0.669 
Bottom -0.069 0.122 0.202 

July surface 0.108 0.202 0.092 
Bottom 0.031 0.009 0.739 

August Surface 0.065 0.116 0.215 
Bottom 0.031 0.032 0.526 

p values ~ 0 . 0 5indicate that the observed slope was significantly different fiom 
zero at a probability level of 95%. 
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Table H-6. 	Results of trend analyses for mid-depth and bottom dissolved 

oxygen time series at Mount Hope Bay Stations C and lO/F, 

1972-1998. 


~~


Station Month Strata slope R2 1 


C May Mid -0.004 0.002 0.816 
Bottom 0.021 0,030 0.409 

June Mid 0.033 0.141 0.053 
Bottom 0.041 0.128 0.067 

July Mid 0.039 0.174 0.034 

Bottom 0.020 0.03 1 0.393 


August Mid 0.011 0.014 0.433 

Bottom 0.031 0.118 0.085 


1O/F May Mid -0.0002 O.OO0 0.993 
Bottom 0.021 0.055 0.269 

June Mid 0.030 0.170 0.032 
Bottom 0.034 0.189 0.023 

July Mid 0.018 0.072 0.186 
Bottom 0.025 0.068 0.200 

August Mid 0.005 0.008 0.673 
Bottom 0.016 0.055 0.249 

p values ~ 0 . 0 5indicate that the observed slope was significantly different fiom zero 

at a probability level of 95%. 
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Fish egg and larval populations in Mount Hope Bay (MHB)have been monitored since June 
1972to determineif any persistent population declineshave occurred which might be attributableto 
the operation of Brayton Point Station. Sampling gear and vessel have remained constant over the 
years but the number of stations and sampling fiequency have changed on several occasions(Table 
1-1). In September 1979, the number of stations was reduced fiom 23 to 7 while March-August 
sampling frequency increased fiom weekly to every four to five days. In January 1986, the number 
of stations sampled dropped to five. In 1993, Stations 21 and 23 were returned to the sampling 
regime since seven stationsnotably improved the precision of larval flounder estimates and provided 
ichthyoplankton information on waters in the lower Bay. At that time, the year-round program was 
scaled back to the months of February-May to concentrateon winter flounder. From 1994 to 1998, 
ichthyoplankton samplingwas also completed in the Unit 1,2,3 intake embayment and in the Taunton 
River opposite Montaup Power Station. 

I Numbers of fish eggs and larvae passing through the Unit 1,2,3 cooling water system at 
Brayton Point Station were determined from June 1972 through December 1985 on the same 
schedule as the Bay-wide sampling program. Changes in net mesh or replication occurred in 1975, 
1977, and 1980 (Table 1-1). Entrainment sampling was discontinued after 1985 but was returned to 
the program in 1992 for the winter flounder larval season as part of a more detailed examination of 
their stock decline. For the first time since Unit 4 went to open-cycle cooling in July 1984, 
independent estimates of larval entrainment were determined for Units 1,2,3 and Unit 4 during the 
1992 and 1995 larval flounder season. 

flounder period as seasonal piggyback operation continued to be used to reduce larval flounder 
entrainment. 

In 1992, seasonal average densities of larval flounder entrained by Unit 4 amounted to 24% 
of the seasonal average at MHB Station 4 which is located approximately 500 yards nearer to and 
centered on the river mouth. In 1993, similar results were obtained with Unit 4 densities amounting 
to 27% of MHB Station 4 densities. One hypothesis developed to explain these results is that larval 
flounder follow the main drainage channel on the west side of the river with densitiesbeing markedly 
lower in the cove from which Unit 4 draws cooling water. Sampling was initiated in the LeeRiver 
at two locations in 1993 to shed light on relatively small-scale larval flounder abundancethere. One 
station was located in fiont of the Unit 4 intake and the other along the far shore of the LeeRiver. 
With the Unit 4 intake closed in 1994 under piggyback operation and with it open in 1995 during the 
entire sampling season, these two locations were again sampled along with the addition of a third 
station upstream to see ifthe presence or absence of a Unit 4 flow vector altered distributionpatterns. 

In addition to these studies, mesh extrusion was thoroughly examined in both the Bay 
samplingprogram and the entrainmentprogram in 1977,1978 and 1994,1995. Sincemesh extrusion 
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coefficientsvary from one year to the next, they have been determined for the Mount Hope Bay 
ichthyoplanktonsampling program each year since 1995when 0.333-mmmesh became the program 
standard. 

Summary 

Mount Hope Bay ichthyoplanktonpopulations were sampled once in February, every four to 
five days weather permitting fiom March through mid-May, primarily to monitor larval winter 
flounder populations. Larval flounder were collected fiom February 17when sampling began until 
sampling ceased on May 18. A peak mean density of 56 larvae per 100m3 ofwater was noted on 
April 3. Two larval flounder abundance indices suggested that 1998was the lowest year thus far for 
abundance,ranking26"over the 1973-1998period. Annual larval flounder abundance(total or yolk-
sac larvae alone) was not found to be correlated with adult abundancein Mount Hope Bay. 

Ichthypplankton tows were completed in the upper and lower halves of the water column in 
the Brayton Point Units 1,2,3 intake (Station I) on the same schedule as the Bay-wide ichthyo
plankton sampling. Results indicated that densities of stage 1, stage 3, and total larval flounder 
averaged higher in the lower half of the water, and the differences between upper and lower halves 
of the water column were statistically significant. For stage 2 larvae, densities also averaged higher 
in the lower half of the water column, but the difference was not statistically significant. The pattern 
observed in 1998conforms to that observed in 1995through1996whereas in 1994and 1997stage 
2 larvae were more common in the upper half of the water column 

Analysis of variance was used to examine for differences in mean larval flounder density at 
Montaup Station M, Mount Hope Bay Station 1, and Brayton Point Intake Station I near the mouth 
of the Taunton River. A statistically significant difference was detected only among stage 1 larvae 
where seasonal densities were significantly higher at Station I than at Stationlwhile the average 
density at Station M was intermediate between and similar to each of those two locations. For older 
stage 2and stage 3 flounder as well as total larval flounder, densities were statistically similar at the 
three stations. During previous seasons among-stationdifferences were detected in 1996and 1997 
but not during 1994and 1995.Among-station differences involved stage 1 larvae in 1996and 1998, 
stage 2 larvae in 1997,stage 3 larvae in 1996and all stages combined in 1996.In general, differences 
in density among the three locations were relatively small and difficult to discern amid the 
characteristically high seasonalvariability suggesting that the Taunton River mouth area is relatively 
well mixed. 

Concurrentwith samplinginthe Units 1,2,3intake embayment,entrainmentsampleswere also 
taken fiom the combined discharge stream of those units. In 1998Unit 4 operated in piggyback 
mode during the entire larval flounder season to minimize entrainment. Total larval winter flounder 
entrainment was estimated at 49,047,205.Numbers entrained in 1998were low, consistent with the 
low Bay-wide abundance. Total numbers entrained were highly correlated with the Bay-wide larval 
abundanceindices. Equivalent adult analyses for winter flounder were updated to include 1998and 
were found to be well below average consistent with low numbers entrained. Using two sets of 
survival values, 1998equivalent adultswere 3,024and 23,419both the lowest oftheir respective time 
series. 
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Larval flounder densitiesfiom the Brayton 1,2,3 discharge stream were compared with those 
collected concurrently in two halves of the water column at Intake Station I. Stage 1 densities 
averaged highest in the lower intake followed by the upper intake and the discharge. Among stage 
2 larvae densities were again highest in the lower intake, followed by the discharge and the upper 
intake. Older stage 3 individuals were consistently distributed deeper in the water column than 
younger larvae. In 1998, they were taken at significantly greater densities in the lower intake 
comparedwith the upper intake consistentwith three ofthe previous four seasons. Brayton discharge 
densitieswere statistically similar to the lower intake densities. These results are generally consistent 
with results fiom 1995 through 1997. 

Thetotal number oflarvalflounderwhich would havebeen entrainedbased on intakedensities 
was greater than the number estimated to have been entrained based on discharge densities for each 
of the four years during which the intake was sampled. Ratios between the two ranged fiom 1.05 in 
1997 to 1.52 in 1998. Since the unstaged EA computations are simple scalar values, the adult 
estimates vary by the same amount, i.e. the EA estimate for 1998 based on the intake densities 
(4,608) was 1.52 times higher then the estimate based on the discharge densities (3,024). EA 
estimates based on staged larvae varied fiom year to year because of differences in the distribution 
of stages. Averaged over the four-year period, EA values were 34,294 based on intake densities, 
39,917 based on discharge densities. The reason for the greater number of equivalent adults based 
on discharge densitieswas the relatively greater number of stage3 and stage4 larval flounder in those 
collections, individuals which have survived the first two larval stages and therefore contribute 
proportionately more to the equivalent adult totals. 

A. Mount Hope Bav 

Beginning in 1993, the Mount Hope Bay ichthyoplankton program has focused on the larval 
winter flounder season extending fiom February through mid-May of each year. 

Methods 

Fish egg and larval populations in Mount Hope Bay were sampled once in February and every 
four to five days fkom March through mid-May. During the period of more fiequent sampling, 
collections were made on Monday and Friday of one week, Wednesday the next and so on, weather 
permitting, resultingin sii to seven sampling seriesper month. On each occasion, seven stationswere 
sampled, identified as Stations 1,4,5,9, 10,21, and 23, (Figure 1-1); the stations are not numbered 
consecutively because they represent seven stations among an original set of 23. On each o w i o n  
samples were also taken in the center of the Taunton River opposite Montaup Power Station, 
identified as Station M, and in -take embayment of Brayton Point Units 1.2& identified as 
Station I (Figure 1-2). Single collections were made at each location with the exception of I where 
collections were made in triplicate. All collections were completed with paired, 60-em diameter 
bridleless "bongo" nets fitted with 0.505 and 0.333-mmmesh netting. All tows, with the exception 
of those at I, were oblique from bottom to surface. Gear depth was determined using wire angle 
and length of cable deployed. A VEMCO midog-TDR attached to the bongo net was used to 
confirm that the desired depth had been achieved. Since data stored by the minilog-TDR must be 
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Figure 1-1. Seven ichthyoplankton stations (solid circles)sampled in Mount HopeBay. 
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Figure 1-2. Location of ichthyoplankton Station M opposite Montaup Power Station and Station I in the Brayton 
Point Units 1,2,3 Intake embayment. Mount HopeBay Station 1 is shown for reference. 
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downloaded to a computer for viewing, it is not a real-time instrument. Data were reviewed 
following each samplingseries and any necessarycable deploymentadjustmentsmade on subsequent 
surveys. At Station I, tows were oblique but restricted to the upper followed by the lower half of 
the water column, a total of six samplesbeing taken at that station (3 upper, 3 lower). To minimize 
contaminationwith surface ichthyoplanktonwhen sampling the lower half of the water column at 
Station I, the vessel was stopped and winch speed increased during initial wire pay-out and final haul-
back so that net descent and ascent through the surface layer involved minimum time and distance. 
Due to shallow depths at most stations (<20feet), the net was lowered and hauled back more than 
once during the course of each tow to make up a minimum tow time of five minutes. With this length 
of tow, approximately 100 to 150 m3 of water were sampled. Actual filtration volumes were 
computed using readings obtained from a net-mounted General OceanicsModel 2030R flowmeter. 

Sampleswere preserved in 10% Formalin-seawater solutions and returned to the laboratory 
for microscopic analysis. For February-April all 0.333-mmmesh samples were analyzed to insure 
complete assessment of small larval winter flounder. Beginning in early May when larvae are larger 
in size, only 0.505 mm mesh samples were analyzed. Since annual abundance indices for flounder 
larvae in many past years have been based only on samples from 0.505-mmmesh nets (1973-1994), 
adjustmentwas necessary to account for extrusion of stage 1 and 2 larvae through the larger mesh, 
i.e., 1995-19980.333-mmmesh counts had to be scaled down. Sinceearlier studies (NEP and MRI 
1995) indicated that older (stage 3) larval flounder are well retained by 0.505 mesh, extrusion 
analyses were restricted to March and April when young larvae were most common. 

Fish eggs and larvae were identified to the lowest distinguishable taxonomic category and 
counted. In most cases entire samples were examined for fish larvae and the less common types of 
fish eggs. When a particular species was especially abundant, aliquot subsampleswere taken. Such 
subsamplescontained 100or more specimensof a given species or grouping. Studies have indicated 
that subsampling error can be maintained at a low level if numbers of specimens in an aliquot 
increases as the fraction represented by the aliquot grows smaller, e.g., 100larvae are sufficient in 
a one-half split, but 200 should be present in a one-quarter split. 

Due to their abundance and the economic importance of the species, winter flounder larvae 
(Pleuronectesamericums) were classified into four arbitrary developmental stages. These stages, 
with their approximate ranges in total length, were defined as follows: 

Staqe 1 - from hatching until the yolk sac is hlly absorbed (2.3-3.8mm). 


Stage 2 - fiom the end of stage I until a loop or coil forms in the gut (2.6-4.0mm). 

Stage 3 - from the end of stage I1 until the left eye migrates past the midline of the head 
during transformation (3.5-8.0mm). 

Stage 4 - fiom the end of stage I11 onward (7.3-8.2mm). 
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As a check on accuracy and to maintain consistency between sorters, 100! of the samples 
taken each month were recounted. These samples were selected at random and re-analyzed 
independently by a second technician in all cases. In every instance the technician Canying out the 
recount did not know the originalsample counts. Analysis of recounts over a long period of time has 
shown that combined subsampling and technician error average about 12% for eggs and 10% for 
larvae. 

Results and Discussion 

Population densitiesper 100 m30fwatercalculatedfor each speciesoffish by station and date 
among 0.333-mm mesh samples(0.505-mm mesh beginningMay 6) arepresented in Appendix Table 
A2. The occurrence of each of the 21 species collected in the spring of 1998 is shown by week in 
Table 1-2. Whether eggs and/or larvae were represented in each case is also shown. 

Duringthe lateFebruaryto mid-May collection period, numerical dominantsincluded Atlantic 

Mount Hope Bay Ichthyoplankton 
February - Mid-May 1998 

5.0% 
3 Remaining Spcoicsd 

0.8% 

Figure 1-3. 	 Percent contributionfor dominant types of fish eggs and larvae taken in 
Mount HOWBay, Febr~aryto mid-May, 1998. 

menhaden (Brevoortiatyrannus),tautoglcunner (the labrids - tautog, Tautoga onitis and cunner, 
Tautogolabrus adspersus), fourbeard rockling (Enchelyops cimbrius), and windowpane 
(Scophthlmusaquosus) among the eggs, along with sand lance (Ammodytessp.), winter flounder, 
and grubby (Myoxocephlusaenaeus)among the larvae (Figure 1-3). 
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The distribution of geometric mean larval flounder densities by week appears in Figure 1-4. 
For reference, high and low geometric mean densities recorded for each week fiom 1973 through 
1997were also plotted and the area between shaded. Sinceyoung larvae were more readily retained 
by the 0.333-mm mesh utilized beginning in 1995, densities were scaled down by empiricallyderived 
mesh conversion factors to align them with past years' results. For 1998, mesh conversion values 
were 2.66 for stage 1,2.83 for stage 2 larvae, and 1.37 for early stage 3 larvae (see mesh discussion 
below). Larval winter flounder were first recorded when samplingbegan on February 17, reached a 
peak geometric mean density on April 3 of 56 per 100 m3of water (30 per 100 m3following mesh 
adjustment), and continued to be collected in low numbers as late asMay 18 when sampling ended. 
Clearly, densities tracked well below average throughout the larval season, ranking last in the time 
series. 

To facilitate comparison between years, the area under each annual abundance curve was 
computed using trapezoidal integration (Figure 1-5). To provide error estimates, geometric mean 
densities per 100m3 of water were produced for each season along with their 95% confidencelimits 
(Figure 1-6, Table 1-3). Two-way analysis of variance using log-transformed densities, station and 
year as main effects, provided the estimated error terms. Prior to calculating station means, early and 
late season collections were removed to eliminate the large number of zeros recorded during those 
times. This approachremoved less than 0.8% ofthe total catch fiom each annual data set. Integrated 
curve areas and geometric mean densities are listed below in decreasing rank order. 

Integrated 
Year Area Rank 

Geometric 
M W  Year 

1992 10826 74.9 1992 
1978 9599 74.9 1984 
1985 8845 49.4 1985 
1984 8453 45.1 1995 
1995 8245 43.7 1982 
1982 7630 40.4 1978 
1975 7366 39.9 1989 
1979 6272 31.4 1976 
1989 6211 29.5 1975 
1973 5678 28.4 1997 
1983 5205 27.5 1973 
1980 4247 22.1 1987 
1976 4180 22.1 1974 
1987 3897 21.o 1980 
1974 3628 20.3 1983 
1986 2791 19.9 1979 
1981 2508 18.5 1990 
1997 2500 17.5 1991 
1993 2485 16.8 1981 
1990 2351 16.6 1993 
1977 2202 15.6 1986 
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1991 1970 22 15.0 1994 
1994 1895 23 15.0 1988 
1988 1741 24 8.8 1977 
1996 1210 25 8.3 1996.. .. .. . ..... . . .......... ............. ............. ............. ....... . ..... 

Relatively minor shifts in rank order are apparent between the two abundanceindices in most 
cases. For example, 1984 ranked fourth by curve area, second by geometric mean. Indicesfor 1979 
and 1997represented the largest differences with seven positions separatingthe two indices. Values 
for both years appear in the middle of the scales where relatively small differences separated years. 
The 1998 season was poor relative to past years, ranking 26th or last uSig both indices. 

Annual larval flounder abundance does not appear to be correlated with adult abundance in 
Mount Hope Bay. Both curve area and geometric mean larval indices were compared with adult 
stock size recorded by standard trawl during the months when adults are present in the Bay for the 
spawningseason,Febr~iary-April,1973-1998(kg/tow, see finfish SectionA). Correlation coefficients 
were not significant (p > 0.10) in either straight or log scales (Figure 1-7, Table 1-4). Correlation 
coefficientswere also calculated for stock abundance versus stage 1, yolk-sac larval abundancealone 
since starvation, predation, and other sources of mortality would have less time to introduce 
variability into the system. No correlation was detected in this case either (p > 0.10; Table 1-4). 
Intuitively,a relationshipmust existbetween spawning stock size and reproductivepotentialalthough 
it can be difficult to detect using larval abundance (because they produce demersal, adhesive eggs 
winter flounder eggs are not sampled in Mount Hope Bay). The interconnected roles of larval 
nutrition, predation, and environmental variables result in highly complex systems (seefor example 
Postuma and Zijlstra 1974, Houde 1987, Myers et al. 1995, McGovern and Olney 1996). These 
complexitiesare reflected particularly in Mount Hope Bay’s 1992 data where larval abundancewas 
the highest yet observed while adult abundance was the lowest. Since winter flounder eggs are 
demersal and adhesive,their true abundanceis not readily measurable with any accuracyin the Mount 
Hope Bay survey. Any existing relationship between adult and progeny clearly becomes more 
obscure as mortality operates on the egg and subsequent larval stages. Presumably species like 
winter flounderwhich have an incubation period as long as 30days and a larval period lasting another 
50 days or more are subject to predation and other forms of mortality for a long period of time which 
may contribute to great variability in numbers of offspring. 

The shape of larval winter flounder abundance curves has, in some studies, been related to 
water temperature, cool temperatures during winter and early spring producing broad curves and 
good year classes (NUSCO 1988, Buckley et al. 1990). Winter flounderstocks in some areas have 
been shown to decline during periods of relatively warm winters (Jeffiies and Johnson 1994, Jefbies 
and Terceiro 1985). In 1998 the January-April air-water temperature index (5.0 C) was the highest 
yet observed exceeding the long term mean of 2.4 C by 2.6 C (Figure 1-8, Table 1-5) Consistent with 
poor larval production. Examination of the late-winter, spring temperature profile (Figure 1-9) 
showed that essentially the entire season was mild reflecting above average February, March, and 
April air temperatures (4.1, 2.1, and 1.3 C above average, respectively, in Providence according to 
NOAA weather records). 
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Many other studies have examined possible relationships between fish stocks and 
environmental variables (seefor example Shepard et al. 1984, Sissenwine 1984, Pihl 1990, Pace et 
al1993, Myers et al1995). In spiteofthe warm, low larval abundanceseason in 1998, overall larval 
collections in Mount Hope Bay do not appear to be correlated with the January-April Bay 
temperature index(Figure1-10, Table1-6). Thereis, however, some suggestionthat larval abundance 
reaches greater values during years when spring water temperatures warm gradually without 
numerous abrupt changes(see also Buckley et al. 1990).The variable “water temperature difference” 
was calculated by averaging the absolute difference in water temperature (IO-& depth) between 
successive samplingdates. Since samplinginterval shifted fiom seven to five days beginnins in 1980, 
only 1980-1998 data were considered (see also NEP and MRI 1996). A scatter plot of these data 
(Figure 1-1 1) showsthat the four highest larval abundanceseasons (1984,1985,1992,1995) had four 
of the five lowest mean differences. These four years provided enough leverage to produce a 
significant correlation coefficient (r = -0.477, p = 0.039).although little or no pattern is apparent in 
the remaining years. 

In Mount Hope Bay age 1 flounder abundance does appear to be correlated with water 
temperature, cooler years producing stronger year classes (r =-0.543, p =0.005,Figure 1-12 ,Table 
1-6). This correlation without a corresponding one between temperature and larval abundance is 
difficult to interpret in the absence of absolute or relative numbers of eggs produced each season, i.e. 
years with high survival rates could be masked by low egg production. Results suggest that cool 
temperatures do not directly or indirectly afFect numbers of larvae prior to metamorphosisbut that 
individuals survivingbeyond the larval stage are in good condition andmore likely to survive beyond 
that point. Studies completed by Buckley et al. 1990 indicate that cold winters followed by gradual 
springwarming favor good survival and recruitment. In light of the correlation between temperature 
and age 1 flounder it is likely that a correlation will be found between temperature and young-of-the
year abundance once a sufficient number of years have been sampled. With seven years currently 
available (1 992-1998) no correlation is apparent between the deviation fiom the long-term mean in 
January-April temperatures and mean number of young-of-the-year flounder per haul ( r = 0.149, p 
= 0.749). 

The observed correlation between larval flounder abundance and spring warming pattern 
(variable=temperature difference, FigureI-1 1)was also observed amongyoung-of-the-year flounder 
in spite ofthe short time series available (1992-1998, r = -0.833, p =0.020,Figure 1-12). These data 
support the importance of gradual spring warming in producing better year classes. 

Stations 21 and 23 located near the western and eastern outlets of Mount Hope Bay, 
respectively, were introduced to the sampling program in 1993 after being dropped following the 
1985 season. In each year fiom 1993 through 1998 these two stationsincreased the bay-wide annual 
curve area abundanceindex with two exceptions in the years 1996 and 1997. The addition of those 
two stations increased the curve area by 11% in 1993,6% in 1994, 16%in 1995 and 9% in 1998. 
During those years densities were relatively high down-bay fiom mid-April to the end ofthe larval 
season. Compared with these years, larval distribution differed in 1996 and 1997 with Stations 21 
and 23 contributing a smaller percentage of the total catch. During thesetwo seasons, the curve area 
index actually declined by 3% (1996) and 4% (1997) when Station 21 and 23 densities were added. 



1.11 

The percentage of larval flounder taken at Stations 21 and 23, which originate fiom upper 
Mount Hope Bay or enter the Bay fiom the Sakonnet River and beyond the Mount Hope Bridge, is 
presently unknown. Earlier work in Narragansett Bay clearly shows winter flounder larvae to be 
abundant throughout the Bay and in particular the entire SakonnetRiver (Bourne and Govoni 1988). 
Studies completed in 1977 at stations running fiom the Taunton River through the SakonnetRiver 
nearly toRhode Island Sound suggestedthat some spawningmay occurbelow Tiverton (MRI 1979). 
Spawning in the Sakonnet River was also suggested by sampling completed at four locations in 1993 
(NEP and MRI 1994). 

Brayton Point Intake Station I and Taunton River Station M 

-'Densitiesfiom upper and lower halves of the water column at Brayton Point Intake Station 
I (Appendix Table A3)were compared with paired sample t-tests using log-transformed densities. 
For stage 1, stage 3, and total larval flounder, densities, over the season as a whole, averaged 
statistically higher in the lower half of the water column (p < 0.001). For stage 2 larvae, densities 
averaged higher in the lower half of the water column aswell but the differencewas not statistically 
significant (p = 0.14; Figure 1-13, Table 1-7). The pattern observed in 1998 conforms to that 
observed from 1994 through 1997 with two exceptions. Among stage 2 larvae, densities were 
greater in the lower-half depth strata in both 1995 and 1996, consistentwith 1998. However, in 1997 
a reversal occurred as these individuals were significantly more numerous in the upper half of the 
water column (p = 0.02). Greater average densities in the upper water column were also observed 
among stage 2 individuals in 1994 although in that year the difference could not be shown to be 
statistically significant because fewer samples were taken (replicate samples were not taken in 1994 
and sampling did not begin there until mid-March). 

Larval winter flounder are often reported to be more abundant near bottom compared with 
surface waters. Pearcy (1962) reported that over all size ranges 85% of the larval flounder collected 
in the Mystic River, Connecticut estuary were in the lower half ofthe water column. However small 
larvae (2.5-3.7 mm) were somewhat more common in surface waters relative to older, larger 
individuals. Sampling by MIU (1979) in upper and lower halves of the water column in the Taunton 
River ship channel found larval flounder to be generally more abundant in the lower half early in the 
larval season, more abundant in the upper half during the middle of the season, and in the lower half 
late in the season. NUSCO (1 992) used a specially designed pump sampler to collect yolk-sac larval 
flounder at four depth strata: surface, mid-depth, 0.3 m above bottom, and at the sediment-water 
interface. Results indicated that yolk-sac larvae were most abundant at mid-depth and near-bottom, 
least abundant at the surface and sediment-water interface. 

Larval flounder were collected at Station M opposite Montaup Power Station when samp
ling began there on February 17 and were still present there on May 18 when sampling ended, albeit 
at a density below 1 per 100m3 of water (Appendix Table A4). They reached a peak density of 106 
per 100 m3 of water on April 3. Analysis of variance on log-transformed densities was used to 
examine for differences in mean larval flounder density at Montaup Station M, Mount Hope Bay 
Station 1,  and Brayton Point Intake Station I since these three stations are near the Taunton River 
mouth and probably most closely represent the pool of water from which Brayton Point draws its 
intakewater. A statistically significant difference (p =0.044)was detected only among stage 1 larvae 
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where seasonal densities were significantly higher at Station I than at Stationlwhile the average 
density at M was intermediate between and similar to each of those two locations. For older stage 
2 and stage 3 flounder aswell as total larval flounder, densities were statistically similar at the three 
stations (Table 1-8). During previous seasonsamong-stationdifferences were detected in 1996 and 
1997 but not during 1994 and 1995 (Figure I-14). Among-station differences involved stage 1 larvae 
in 1996 and 1998, stage 2 larvae in 1997, stage 3 larvae in 1996 and all stages combined in 1996. 

Annual Stations M, 1, and Intake data sets where no differences were detected were 
subsequently pooled to improve statistical power to detect any patterns consistent over seasons. 
Among-station differences were not detected. This was true for stage 1 larvae 0,= 0.145; 1994, 
1995,1997 pooled), stage 2 larvae (p = 0.789; 1994,1995,1996, and 1998 pooled), stage 3 larvae 
(p = 0.944; 1994,1995, 1997, and 1998 pooled) and total larval flounder (p = 0.274; 1994,1995, 
1997, and 1998 pooled; Table 1-9). In spite of pooling data sets power to detect among station 
differences remained low because averagedensity differences between location were relatively small 
and variability over time was great. For example for total larvae, power to detect differences among 
stations was only about 17%. In general, the pooled results together with the lack of consistency 
across years suggests that larval densities are fairly well mixed in and near the lower Taunton River. 
This is consistent with earlier conclusions based on an array of 12 stations (MRI 1979) 

Mount Hooe Bav Mesh Comoarisons- 0.333 vs 0.505-mm mesh 

During March and April 1998,46 samples taken with 0.505-mmmesh nets were analyzed 
fiom the paired bongo tows to quanti%larval winter flounder mesh extrusion through the larger mesh 
(Table1-10). Sinceall annual abundanceindices preceding 1995 were based on 0.505 samples, these 
data were needed to scale the 1998 0.333-mmmesh based densities downward. 

Paired sample t-tests using log-transformed densities were used to examine for differences 
between nets. Statistically significant differences were detected for both stage 1 and stage 2 larvae 
(Table 1-10). Geometric mean ratios were 2.66 and 2.83, respectively, values which are consistent 
with past years (Table 1-1 1). Previous values ranged from 1.85 (1997) to 9.21 (1978) for stage 1 
individualsand 1.77 (1997) to 3.88 (1977) for stage 2. There was a small but statistically significant 
difference in catch ratio for stage 3 larvae in 1998 also (1.37, p = 0.009). While ratios of 1.20 and 
1.21 were recorded for these larger larvae in earlier years (1977,1978, and 1997), 1998 was the first 
in which the difference was statistically significant. In calculating the 1998 abundance index, stage 
3 densities were divided byl.37 through the third week of April, following which these individuals 
were assumed to be equally retained by both mesh nets (MRI 1979). 

The relatively low mesh ratio values recorded in 1997 could be attributable to high 
zooplankton densities at that time. While zooplankton displacementvolumes were not determined, 
the samples were noted to contain abundant zooplankton which may have coated the mesh and 
reduced extrusion. Zooplankton samplestaken from the Bay on April 15,1997 (MRI1998) indicated 
that large numbers of copepod nauplii were present in the samples at that time. These data indicate 
that extrusion is highly variable from year to year and that, even when relatively low as in 1997, can 
represent an important factor in determining abundance. 
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Figure 1-4. 	Mean larval flounder densities in Mount HopeBay by week for 1998 
comparedwith the high and low for corresponding weeks,1973-1997. 
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Winter Flounder 


Figure 1-5. Larval flounder m e  area abundance indices for 1973-1998. 
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Figure 1-6. Annual geometric mean densities per 100 m3of water and 95% confidence 
limits for larval winter flounder, Mount HopeBay, 1973-1998. 
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Stock vs Larval Abundance 
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Figure 1-7. 	 Seasonal geometric mean larval winter flounder abundance compared with 
February-April stock abundance in kg per trawl tow, 1973-1998. 
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igure 1-8. Deviation in mean temperature from the long-term mean, January-April, 
1973-1998. See Table 1-4 for details. 
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Mount Hope Bay 
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Figure 1-9. 	Average water temperature (10-fi depth contour) reoordedin Mount Hope 
Bay on each ichthyoplankton sampling occasion in 1998 during the larval 
flounderseason. The long-term mean (1980-1997) and range are shown. 
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Figure 1-10. Annual m e  area abundance index for larval floundercompared with 
deviation in January - April water temperature index from the time 
series mean. 
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Figure 1-1 1. 	Annual curye area abundance index for larvalflounder compared with 
the mean absolute difference in successive water temperature readings. 
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Figure 1-12, Mean number of age 1 winter flounder per tow,February - May, 
comparedwith deviation in mean water temperature. 
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Table 1-3. Annual geometric mean densities per 100 m3of water 
along with 95% confidence limits for larval winter 
flounder, Mount Hope Bay, 1973-1998. 

Y W  Geometric Mean 95% Confidence Limits 
1973 27.5 24.5'- 30.9 

1974 22.1 19.6 - 24.8 

1975 29.5 26.2 - 33.2 

1976 31.4 28.0 - 35.3 

1977 8.8 7.8 - 10.0 

1978 40.4 36.0 - 45.3 

1979 15.9 14.1 - 18.0 

1980 21.o 16.8 - 26.2 

1981 16.8 13.4 - 21.0 

1982 43.7 35.2 - 54.2 

1983 20.3 16.3 - 25.3 

1984 74.9 60.5 - 92.8 

1985 49.4 39.8 - 61.3 

1986 15.6 11.6 - 20.9 

1987 22.1 16.5 - 29.4 

1988 15.0 11.1 - 20.0 

1989 39.9 30.0 - 52.8 

1990 18.5 13.8 - 24.7 

1991 17.5 13.1- 23.4 

1992 74.9 56.7 - 99.0 

1993 16.6 13.3 - 20.8 

1994 15.0 11.9 - 18.7 

1995 45.1 36.3 - 55.9 

1996 8.3 6.5 - 10.5 

1997 28.4 22.8 - 35.3 

1998 7.8 6.2 - 9.9 
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Table 1-4. 	Adult stock size (kgltow) during February-April and seasonal larval 
abundance per 100 m3of water for Mount HopeBay winter flounder. 
Correlation coefficient matrix is shown below. 

Stock abundance Mean larval abundance Stage 1 
Year (kdtowY Geometric mean (curve index) (curve index)-


1973 5.14 27.5 5678 
1974 4.46 22.1 3628 
1975 3.48 29.5 7366 
1976 2.56 31.4 4180 
1977 3.3 1 8.8 2202 
1978 3.63 40.4 9599 
1979 3.34 15.9 6272 
1980 2.88 21.o 4247 
1981 2.76 16.8 2508 
1982 2.46 43.7 7630 
1983 4.10 20.3 5205 
1984 2.61 74.9 8453 
1985 1.86 49.4 8845 
1986 3.76 15.6 2791 
1987 0.45 22.1 3897 
1988 0.83 15.0 1741 
1989 0.22 39.9 6211 
1990 0.30 18.5 2351 
1991 0.07 17.5 1970 
1992 0.01 74.9 10826 
1993 0.11 16.6 2485 
1994 0.08 15.0 1895 
1995 0.17 45.1 8245 
1996 0.2 1 8.3 1395 
1997 0.21 28.4 2589 
1998 0.06 7.8 865 

927 

1290 

467 


2079 

127 


1553 

1270 

912 


2149 

805 


1616 

519 

388 


1721 

634 

453 

563 

130 

250 


81 


'Based on Mount Hope Bay standard trawl. 

Correlation matrix with stock abundance 
r D 

Curve index 0.240 0.239 
Log curve index 0.366 0.066 
Geometric mean -0.023 0.910 
Stage 1curve area 0.127 0.593 
Log stage 1 0.149 0.530 
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Table 1-5. Mount Hope Bay Winter flounder season temperature index (T),January-April1972
1998. 

1973 -0.5 -1-3 5.5 9.1 4.4 
1974 -0.2 -1.7 5.1 8.4 3.9 
1975 1.2 -0.9 3.2 5.7 2.7 
1976 -4.7 1.9 4.8 8.9 5.2 
1977 -6.2 -1.2 4.2 9.1 4.0 
1978 -3.8 -5.5 3.4 7.0 1.6 
1979 -1.1 -6.8 3.5 7.0 1.2 
1980 -1.3 -2.9 2.9 7.9 2.6 
1981 -6.5 3.0 3.6 9.1 5.2 
1982 -5.8 -0.3 4.3 7.3 3.8 
1983 -0.3 0.5 4.3 7.6 4.1 
1984 -3.1 2.8 2.7 6.3 3.9 
1985 -5.3 0.1 3.8 7.7 3.9 
1986 -0.5 -1.7 3.5 8.6 3.5 
1987 -1.7 -1.9 4.0 8.1 3.4 
1988 -2.9 -0.1 3.9 8.2 4.0 
1989 1.o -1.2 4.2 8.2 3.7 
1990 2.4 1.3 6.1 9.2 5.5 
1991 -1.3 1.7 6.3 10.1 6.0 
1992 -0.3 0.6 4.6 7.7 4.3 
1993 -0.3 -3.2 3.O 7.7 2.5 
1994 -5.2 -3.4 3.5 8.8 3.0 
1995 2.2 -1.4 4.9 8.3 3.9 
1997 -1.5 2.5 4.7 8.0 5.1 

Mean 73-97 

lverage air temperature at Green Airport. 
'Average water temperature, Mount Hope Bay, 10-ftdepth. 
3Deviationftom long-term mean of 2.4C. 

Note: Water temperature data are not regularly available during January and February because 
sampling occurs monthly. Since water temperature and air temperature are highly correlated 
(~0.722,see also Jeffiies and Johnson 1974), they were combined to produce a temperature index 
shown in the two right-hand columns. 
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Table 1-6. 	 Correlation matrix between larval winter flounder 
abundancein Mount Hope Bay and two measures ofwater 
temperature. 

Temo. deviation' Temp. difference* 
r D r D 

Curve index -0.288 0.153 -0.477 0.039 

Log curve index -0.338 0.091 -0.440 0.060 

Geometric mean -0.066 0.750 -0.451 0.052 

'Temperature deviation is obtainedby subtractingthe annual January-
April temperature index from the long-term mean. SeeTable 1-5. 

'Temperature difference is the absolute mean difference in water 
temperature readings on subsequent sampling dates. 
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TaMe1-7. seasonalgeometric mean densitiesper 100 rd ofwater with 95% #wfidence lirnitsfor 
l a rd  winter flounder collectedin upper and lowhalvtsufthewpterahnu,Brrryem 

Point Intake StationI, 1994-1998. 

U m r  Lower No. Pairs 1 Consistentd -1998 

SBtZl 5.0 10.7 39 0.001 26 lower 
C.L. 3.2-7.5 7.2-15.9 

&a& 9.3 11.7 48 0.15 31 lower 
C.L. 6.7-13.1 8.7-15.6 

Stape 3 6.2 18.2 27 -=O.OOOl 25 lower 
C.L. 4.1-9.3 12.6-26.1 

Total
-	 18.4 34.0 52 <o.OOol 42 lower 
C.L. 13.4-25.0 26.7-43.4 

-1997 

Stage 1 7.8 10.0 36 0.208 21 lower 
C.L. 5.411.3 6.5-14.9 

Stage 2 22.3 17.2 39 0.020 25 upper 
C.L. 17.6-28.1 13.6-21.7 

Stage 3 10.4 13.5 33 0.125 22 lower 
C.L. 7.3-14.7 9.5-19.0 

30.0 35.8 45 0.074 27 lower 
C.L. 21.2-42.4 27.6-46.2 

-1996 

Stage 1 12.7 16.4 39 0.15 24 lower 
C.L. 7.9-20.0 9.4-28.0 

Stage 2 18.5 23.4 40 0.16 23 lower 
C.L. 10.4-32.3 13.2-41.O 

Stage 3 8.3 16.8 26 0.001 20 lower 
C.L. 4.9-13.8 11.8-23.6 

BE!l 28.3 42.2 47 0.008 30 lower 
C.L. 16.5-48.0 25.3-70.1 
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TaMe1-7 (mthd). 

UDDW Lower No. Pairs Dl Consistent d -1995 

Stage 1 19.6 25.8 42 0.116 28 lower 
C.L. 12.4-30.3 17.5-37.9 

Stage 2 41.0 50.8 45 0.165 28 lower 
C.L. 24.4-68.3 31.7-81.1 

Stape 3 22.0 60.6 27 o.Ooo1 22 lower 
C.L. 11.7-40.9 38.7-94.5 

Total 53.3 93.5 51 o.Ooo1 38 lower 
C.L. 31.9-88.9 63.1-138.3 

1995-1997 

Stage 1 13.5 17.6 115 0.012 71 lower 
C.L. 10.6-17.2 13.6-22.6 

-1994 

Stage 1 
C.L. 

10.3 
4.6-21.9 

16.7 
7.5-35.6 

17 0.09 14 lower 

Stace 2 21.2 15.3 20 0.23 11upper 
C.L. 11.5-38.2 7.6-29.7 

Stage 3 13.0 21.6 13 0.12 10 lower 
C.L. 6.9-23.6 10.6-42.9 

Total7 42.5 52.4 22 0.18 16 lower 
C.L. 27.8-64.9 34.6-79.3 

'Probabilityvalue h m two-tail pairedt tests.Values s 0.05 areconsidered statisticallysignificant. 

%umber of upper-lower pairs whose difference carried the samesign,e.g., 24 of 39pairsfor stage 
1flounder larvae showed greater densities in the lower halfof the water column in 19%. 

. , '..- ..',1 
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Summary data from two-way factor (date an^ station) analysis ofvariance 
comparing larval flounder densities (total and staged) at Montaup StationM, 
MHB 1, and BP 1,2,3 Intake I, 1998. 

~ _ _ _  

Station 
M 1 I Station Effect 

Total Flounder 
Geometric mean 13.5 17.0 21.6 F=1.13 
Lower 95% CL 9.4 119 15.2 w . 3 3 3  
uppet 95% CL 19.2 24.1 30.6 d.E=2/34 

Staae 1 
Geometric mean 4.0 2.0 6.5 
Lower 95% CL 2.5 1.1 4.2 
Upper 95% CL 6.2 3.3 9.9 

Stage 2 
Geometric mean 7.1 10.0 8.2 
Lower 95% CL 4.8 6.8 5.6 
upper 95% CL 10.4 14.4 11.9 

Stage 3 
Geometric mean 3.7 5.1 5.6 
Lower 95% CL 1.8 2.6 2.9 
Upper 95% CL 6.9 9.2 10.1 

F=3.55 
p . 0 4 3  
d.E=U26 

F4.84 
p . 4 4 3  
d.E=U34 

F4.42 
p . 6 6 2  
d.E=2/24 

p values less than or equal to 0.05 are considered statistically significant. 

Note: Geometric mean densities over three upper and lower collectionsper date were used for 
Station I. 
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Table-1-9. Summary data fiom two factor (date and station) analysis of variance comparing 
larval flounder densities (total and staged) at Montaup Station M, MHJ3 1, and 
BP 1,2,3 Intake I.,years pooled. 

Station 
M 1 I Station Effect 

Total Flounder (1994, 1995, 1997,1998) 
Geometric mean 39.4 47.6 37.5 F =  1.31 
Lower 95% CL 31.5 38.2 30.1 p = 0.274 
Upper 95% CL 49.1 59.3 46.8 d.f = 2/118 

Stage 1 (1994, 1995, 1997) 
Geometric mean 17.9 11.8 13.8 F = 1.98 
Lower 95% CL 11.5 6.4 8.8 p = 0.145 
Upper 95% CL 27.8 20.9 21.5 d.f. =2/72 

Staee 2 (1994, 1995, 1996,198)) 
Geometric mean 16.1 15.9 14.5 F= 0.24 
Lower 95% CL 12.7 12.6 11.4 p =0.789 
Upper 95% CL 20.4 20.1 18.4 d.f. = 2/114 

Stage 3 (1994, 1995, 1997,1998) 
Geometric mean 8.9 9.5 9.4 F= 0.06 
Lower 95% CL 6.5 7.0 
Upper 95% CL 12.0 12.7 

7.0 
12.7 

p = 0.94 
d.f =2/98 

p values less than or equal to 0.05 are considered statistically significant. 

Note: Geometricmean densities over three upper and lower collections per date were used for 
Station I. 
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Table 1-10. 	 Summary data for larval flounder catch ratios from 0.333 and 0.505
mm mesh samples collected in Mount Hope Bay, EVlarch-April1998. 

Geometric mean 


s.e. 


Range 


n 


Paired t-test' 


Staae 1 

2.66 

0.54 

0.44-15.88 

41 

p<O.OOol 

Staae 2 Stage 1 & 2 Stage 3 

2.83 

0.40 

0.84-12.71 

46 

p<O.O001 

2.88 1.37 

0.26 0.22 

1.09-9.44 0.57-4.76 

41 21 

p<0.0001 p=O.009 

'One-tailed paired sample t-test results: 
&:mean difference 5 0 
HA:mean difference > 0. A ratio of 1 represents a mean differenceof 0. 
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Table 1-11. Swnmary data for larval flounder catch ratiosfrom 0.333 and 0.505-mm 
mesh samples collected in Mount Hope Bay,March-April 1994-1997, 
1978,1977. 

1997 Stage 1 Staae 2 Staae 1 & 2 Stage 3 
Geometric mean 1.85 1.77 1.83 1.21 

s.e. 0.33 0.28 0.17 0.21 

Range 0.42-6.63 0.62-8.16 0.73-4.52 0.28-4.58 

n 29 29 29 24 

Paired t-test' D<o.001 D<o.oOI D<o.001 P4 .09  

1996 Stage 1 Stage 2 Stage 1 & 2 
Geometric mean 4.54 2.70 2.99 

s.e. 1.07 0.39 0.41 

Range 0.96-26.42 0.82-12.23 1.2-12.4 

n 32 41 41 

Paired t-test D<o.001 D<o.oo1 D<o.001 

1995 Staae 1 Stage 2 Staae 1 & 2 
Geometric mean 5.91 1.87 2.25 

s.e. 3.02 0.30 0.33 

Range 0.75-69.7' 0.33-8.58' 0.41-8.56 

n 31 38 40 

Paired t-test D<o.001 D<o.o01 p<o.001 

1994 Stage 1 Stage 2 Stage 1 & 2 Stage 3 
Geometric mean 1.99 2.61 2.24 0.91 

s.e.. 0.49 1.16 0.80 0.44 

Range 0.07-16.3 0.14-34.0 0.06-34.0 0.18-5.66 

n 46 41 53 12 
Paired t-test D<o.001 DCo.001 D<o.001 ~ W . 0 5  

1 

I 

1 

i 

I 

i 

I 


Q 

1 

I 

I 

I 

1 

1 
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Table I-11 (continued)& 

1978 Stage 1 Stage 2 Staae 1 & 2 Stage 3 
Geometric mean 9.2 1 1.81 3.57 1.21 

s.e.. 1.78 0.32 0.58 0.16 

Range 1.O- 123.4 0.2-33.7 0.2-48.9 0.2-1 1.4 

Low, high removed 0.9,190.7 0.1,65.6 0.03,30.6 

n 123 135 152 87 

Paired t-test D<O.OOOl 0 < 0 . ~ 1  D<o.W1 oKO.05 

1977 Stage 1 Stage 2 Stage 1 & 2 Stage 3 
Geometric mean 5.56 3.88 4.01 1.19 

s.e. 1.55 0.93 0.89 0.16 

Range 0.8-3 1.8 0.3-65.3 0.3-65.3 0.3-8.5 

Low, high removed 0.4,47.1 0.2,82.7 0.2,17.0 

n 40 95 95 94 

Paired t-test D<o.0001 D<o.0001 D<o.0001 oC0.05 

'One-tailed paired samplet-test results: 
&:mean difference 5 0 
HA:
mean difference > 0. A ratio of 1 represents a mean difference of 0. 

%gh (28.7) and low (0.49) values removed. 

'High (12.2) and low (0.82) values removed. 

'High values of 74.8 and 118.7 omitted as outliers. 

'High (9.2) and low (0.22) values removed. 
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B. Bravton Point Entrainment 

Methods 

Ichthyoplankton entrainment collectionsat BraytonPoint Stationwere completed in triplicate 

by streaming 0.333-mm mesh, 60-cm diameter plankton nets in the Units 1,2,3 discharge stream. 

Sampling of the Unit 4 discharge was not conducted in 1998 because, during the larval flounder 

season, Unit 4 operated in the “piggyback” mode to reduce entrainment. Piggyback operation 

involved utilizing Unit 1,2,3 discharge water for cooling rather than LeeRiver water. Units 1,2,3 

sampling was conducted from the bridge spanning the discharge channel upstream ofits confluence 

with the Unit 4 discharge (Figure 1-1 5). Conversion to 0.505-mmmesh was not made in May as it 

was in the Bay program because extrusion was shown to be greater in entrainment samples than in 

towed MountHopeBay samples(NEP and MRI 1995). Adjustment for extrusionthrough 0.333-mm 

mesh was not considered necessary for Unit 1,2,3 samples but adjustment was made to Unit 4 

samples collected in previous years based on 0.202-mm mesh samples collected in 1995 (NEP and 

MRI 1996). Samplingwas completed around high water because flowmeter data taken in previous 

years indicated flow in the discharge streams was comparable to the velocity at which nets were 

towed in the Bay sampling program. Sampling was conducted on the same days that Mount Hope 

Bay ichthyoplanktonwas collected from Februarythrough mid-May, i.e., oncehFebruary, every four 

to five days thereafter, weather permitting. Sampling was also coordinated so that the Units 1,2,3 

discharge was sampled concurrently with the Intake station (see above). 


Fi re 1-15. 	Entrainment sampling locations for Brayton Point 

Units 1,2,3 and Unit 4. 


s 

1 

I 

1 

1 

1 

I 

I 

I 

I 

I 

I 

I 

1 

I 

I 

I 

I 

1 
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All samples were preserved in 10%Formalin solutions, returned to MRl’s laboratory, and 
analyzed as described previously for the Mount Hope Bay samples. Densities per 100 m3 of water 
were integrated over time alongwith circulating water volume data suppliedby BraytonPoint Station 
to derive estimates of the total number of larval flounder entrained during the season. In previous 
years mesh extrusion factors were applied to larval densities where necessary (Table 1-12). 

Annual larval entrainment estimates were converted to equivalent numbers of age 3 adults, ’1 

the age at which about halfthe flounderbecome sexuallymature ( N O M  1993,Witherelland Burnett 
1993) using two sets of survival values. The first set was m d e d  *om NEP (1978) which used data 
fiom Pearcy (1962) and Saila (1 976). The NEP(1978) approach consisted of dividing the total ifai=:cc’. + 
number of entrained larvae by 0.09 to estimate the number of eggs which hatched to produce those 
individuals. The number of eggs was then multiplied in succession by 0.w53-6- estimateofI
survival fiom a newkhAtched egg t o a 2 6 4 ;  0.2995, survival fiom day 27 to metamorphosis;
\ __d----*

0.03546,survival of juveniles from-3 to 12 months; 0.3491, survival from 13 to 24 months; and 
finally 0.33, survival from 24 to 36 months. The second approach followed larval stage-specific 
survival rates derived fiom Niantic River data (Crecco and Howell 1990) as modified by Gibson 
(1993). These are as follows: 

S (stage 1) = 2.36E-01 
S (stage 2) = 1.08E-01 
S (stage 3) = 1 S4E-01 
S (stage 4) = 6.23E-01 
S (age 0) = 7.3OE-02 
S (age 1) = 2.5OE-01 
S (age 2) = 4.77E-01 

In using the stage-specific rates beginning with the 1978 larval season (larvae were not staged prior 
to April 1977),it is recognizedthat NUSCO employsdifferentmorphologicalstagecriteria than those 
used at Brayton Point. However, a comparison of samples fiom both studies showed stages to be 
quite comparable until larvae approach metamorphosis, a size not often collected. Although small 
numbers are entrained each year, flounder eggs were ignored because they are demersal and adhesive 
and not generally impacted by entrainment. Numbers of age 3 fish were converted to weight based J 
on 0.6 pounds per fish (Gibson 1993). 

Results and Discussion 

Egg and larval densities standardized to number per 100 m3of water by species within each 
sampling date appear in Appendix Table A5.Larval winter flounder abundance in the Brayton Point 
discharge streams closely followed abundance in Mount Hope Bay in general as it typically does. 
Larvae were present in the Unit 1,2,3 discharge stream when sampling first began on February 17, 
reached a peak geometric mean density of 52 larvae per 100 m3 of water on April 8 and 13, and 
declined to 3 per 100 m3by May 18 when sampling ended. 

Larval flounder densities estimated in the Units 1,2,3 discharge stream were integrated over 
time with respective monthly average circulating water volume values obtained from Brayton Point 
Station. The mean March-April 1998 Station flow of 494 thousand gallons per minute (710 million 
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gallons per day, MGD)was similar to values recorded during the past five years when Unit 4 
operated in piggyback mode during much or all of the larval flounder season (Figure 1-16). Total 
number of larval flounder entrained by Units 1,2,3 in 1998 was estimated to be 49,047,205 (Figure 
I- 17). Total numbers entrained by those three units continued to show good correlation with the 
Bay-wide larval abundanceindex (integrated curve area) over the 1973-1998 period (r = 0.815, P < 
0.0001,both on natural log scale, Figure 1-1 8; the years 1986-1991 were excluded since entrainment 
samplingwas not conducted in those years;). Numbers of larval flounder entrained in 1998 were the 
lowest yet observed consistent with record low Bay-wide abundance and absence of additional 
entrainmentby Unit 4. 

Equivalentadult (EA) analysesfor winter flounder updated to include the 1998 seasonappear 
in Tables 1-13 and 1-14. The general unstaged survival values produced an estimate for 1998 of 
3,024 age 3 fish all attributable to Units 1,2, and 3.  Corresponding values for 1992-1997 when 
entrainmentdata included Unit 4 ranged fiom 5,778 fish in 1994 to 62,788 fish in 1992 with a seven-
year mean of 17,134 @.e.= 8,068). A mean value of 29,962 was obtained for Units 1,2,3 for al l  years 
dating back to 1973 @.e.= 5,108). The stage-specific approach produced an estimate of23,419 age 
3 fish for 1998. Equivalent adult values for all four units, with the staged approach, from 1992 
through 1998, ranged from 24,348 (1993) to 275,276 (1992) with a mean value of 74,663 @.e.= 
34,794). Dating back to 1978, the first year with complete larval staging, a mem value of 103,820 
age 3 fish was obtained @.e. = 19,413). The large difference between the two sets of survival 
estimatesclearly demonstratehow relatively small changesin survival values appliedto large numbers 
of larvae can result in sizablevariations in adult numbers (see Vaughan and Saila 1976, Houde 1987, 
for example). 

Consistent with low bay densitiesand low numbers oflarvae entrained, equivalent adult values 
were low in 1998 ranking last over the 20 years for which unstaged values could be calculated and 
last over the 15 years for which the staged approach could be applied. 

To provide perspective on the numbers of age 3 fish potentially lost to the local population 
equivalent adult totals were compared with commercial and recreational flounder landings aswell as 
stock size estimates for Mount HopeBay. Commerciallandingsdata for statistical area 539, available 
through 1997, appear in Table 1-1 5. Area 539 includesNarragansett Bay, Mode Island Sound, and 
waters south of Block Island. Mode Island recreational landings were estimated in 1979, 1983, 
1989, and 1991 (NOAA 1984, 1985, 1990, 1992) with more current updates through 1997 and 
revisions dating back to 1981 now available on the Internet from the National Marine Fisheries 
Service, Fisheries Statistics and Economics Division'. For recreational landings only inland 
collections were considered; ocean collections less than 3 miles from shore and those a greater 
distance fiom shore were not included in the total. Based on the data currently available, the 
unstaged EA values represented an average of 2.4%of the combined commercial and recreational 
landings ranging from 0.2 to 12.7%. The greater staged larval EA values represented 1.1 to 50.3% 
with an average of 10.6%(Table 1-15). 

Rhode Island commercial landings from 0 to 3 miles within shore from 1992 through 1997 
averaged 135,667 pounds (s.e. = 10,203). Added to the mean estimated recreational landings for 
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those same years of 35,043 pounds results in an estimate of 170,709 pounds. For that period the 
unstaged EA values amount to 6.8%and the staged value 29% of those landings. 

EA values expressed asa percent of landings were notably large in 1992 and from 1994-1996 
compared with past years. In 1992 larval abundance in the Bay represented a record high as did 
corresponding entrainment. This O C C U K ~at a time when landings began to decline in conjunction 
with dwindling population size region-wide (see finfish section). From 1994through 1996, landings 
declined by an order of magnitude or more under stricter regulatory guidance designed to rebuild 

_I_flounder stocks. As a result of the markedly lower catch rates, EA values have risen. Since stock 
size and larval abundance do-n&awear to-be-wFg!atgj- (see above), larval production and 
s u i t  entrainment have not declined. 

Gibson (1993) estimated winter flounder stock size (age 3+) for Mount Hope Bay using four 
methods: area swept by trawl, acreage production, mark-recapture, and virtual population 
assessment. Utiiiing data preceding stock decline (pre-1986), these four approaches provided an 
average estimate of 378,957 fish with wide confidence limits of 40,000 to 718,000. LMS (1993) 
argued that this estimate was likely well below the actual stock size. Nonetheless, the average loss 
to entrainment of 32,124 age 3 fish determined by the unstaged approach amounts to 80%of the low 
confidence limit and 4% of the high limit. The loss of an average of 103,820 fish determined from 
staged larvae (1978-1998) exceeds the low value and amounts to 14%of the high value. 

Units 1.2.3. Entrainment Compared With Intake Densities 

Samplesoflarval floundercollected from the Brayton Point Units 1,2,3 dischargestreamwere 
compared with those collected concurrently at Intake Station I (Appendix Table A3)using twofactor 
anova with date and station as main fixed, effects. Larval flounder abundance at the upper intake, 
lower intake, and Brayton discharge locations were first loge transformed. Comparisons were 
completed for stage 1,stage 2, and stage 3 individuals as well as all larval flounder combined; 1998 
results were fbrther compared with 1995-1997 (Figure 1-19, Tables 1-16 - 1-19). 

Stage 1 larvae: In 1998, densities of yolk sac larval flounder were significantly different at all three 
locations(p<O.OOl). In descending order seasonal geometricmeans were 11 per 100 m3in the lower 
intake, 5 per 100 m3 in the upper intake, and 2 per 100 m3 in the Brayton discharge (Figure 1-19, 
Table 1-1 6). "his pattern of highest stage 1 densities at the lower intake station, lowest densities at 
the Brayton discharge, is consistent with the three preceding years aswell although differences were 
not statistically significant in 1997. 

Stage 2 larvae:In 1998 the seasonal geometric mean density at the lower intake (1 0 per 100 m') was 
significantly greater than the mean density in the Brayton discharge (7 per 100 m3; p<0.05). The 
mean density at the upper intake location (8 per 100 m3)was intermediate between those two, 
multiple comparison procedures being unable to assign that mean to either the high or low group 
(Table 1-17). Statistically significant differences were also detected among the three sampling 
locations in 1995, 1996, and 1997 although the distribution pattern was not consistent across all 
years. In all but 1997 densities ranked highest at the lower intake station, lowest at the discharge. 
In 1997 densities at all three stations proved to be statistically distinct, upper intake ranking highest 
followed by lower intake and the discharge. 
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Stage 3 larvae: These older individuals were consistently distributed deeper in the water columnthen 
younger larvae. In 1998, they were taken at significantly greater densities in the lower intake 
(geometric mean = 10 per 100 m’) compared with the upper intake (geometric mean =4 per 100 m’) 
consistent with three of the previous four seasons. In 1997 the seasonal me& density was greater 
in the lower intake (13.5 per 100 m’) compared with the upper as well (10.4 per 100 m’) but the 
difference could not be shown to be statistically significant (p > 0.05). Brayton discharge densities 
were statistically similarto the lower intake densities (1 997,1996) or if statistically discrete they were 
more l i e  the lower densities than the upper (1998, 1995; Figure 1-19, Table 1-18). 

Total flounder larvae: Combining all stages, larval flounder densities averaged significantly higher 
at the lower intake location (29.5 per 100 m’) while similarat the upper intake (15.8 per 100m’) and 
discharge (14.1 per 100 m’). These results were consistent across all four larval seasons although 
in 1997 anova could not distinguish between the lower intake (36.8 per 100 m’) and the discharge 
(32.0 per 100 m’; Figure 1-19, Table 1-19). 

Developinghypothesesconcerningthe dynamicsof larval flounderentrainmentby comparing 
intake and discharge densities is confounded by the configuration of the intake itself. The shipping 
channel leading to the intake structure is generally 40-feet deep rising to about 25 feet as the intake 
structure itself is approached. Ichthyoplanktontows were completed in the shipping channel where 
sufficient space exists to maneuver the sampling vessel. The water column there was divided in half 
at a depth of about 18 to 20 feet. To the north of the dredged channel is Borden Flats, a large shoal 
area (5  to 8 feet deep at mean low water, Figure 1-20). Recent analyses of temperature profiles in 
the intake indicate that primarily surface water is entrained, at least relative to the deeper approach 
channel (Alden Research Laboratory 1996). Assuming flow rates are greatest near-bottom near the 
intake pumps, it seems likely therefore that larvae residing at a depth of 20 to 25 feet as they 
approach the intake structure may have the highest probability of being entrained. These larvae 
would likely have appeared in both the bottom of the surface-halftows and the top of the bottom-half 
tows making it difficult to unravel entrainment issues with only two-level sampling. It is also 
important to bear in mind that sampling error is assumed to be minor in both the intake and discharge 
samplingprotocols. 

Four samplingseasons, 1995-1998, indicatethat older stage 3 larvae occur at greater densities 
in the lower half of the water column in the Intake area when compared to the upper half (Figure I
16). Similar results appeared in 1994 as well although the absence of replicate samples that year 
resulted in failure to detect a difference statistically. When comparing Intake and Discharge, stage 
3 individuals also occurred at densities which were more similar unlike stage 1 and 2 individuals 
which were found at greater densities in the intake. These data suggest that larvae concentrated in 
the lower half of the water column are more susceptible to entrainment. 

The lower densities of stage 1 and stage 2 larval flounder in the Unit 1,2,3 discharge 
compared with the intake remainsunanswered.Whileboth early life stagesare somewhatmore evenly 
distributed vertically (mean low/up= 1.5 and 1.1,  respectively, 1995-1998) then stage 3 larvae (mean 
low/up‘= 2.0), both stages remain more abundant in the lower intake where the stage 3 results 
suggest they should be as susceptible to entrainment. Unless densities of those individuals are 
maintained over a narrow depth contour fiom which water has a lower probability ofbeing entrained, 
results should resemble the stage 3 distribution, Le., intake and discharge densities should be Similar. 
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Mesh extrusion of small individuals in the discharge appears an unlikely factor based on the 0.202 
collections made in 1994 and 1995 (NEP and MRI 1996). Since larvae obtained in entrainment 
samples are generally in good condition, it appears unlikely that larvae are rendered microscopically 
unrecognizableby passage through the Station's pumps and condensers. Discrete depth sampling 
using a pump sampler in the Niantic River showed that yolk-sac larvae were most abundant in the 
lower half of the water column yet they were significantly less abundant at the sediment-water 
interface (NUSCO 1992). Additional sampling closer to the intake where depth is 20 to 25 and 
perhaps at surface, mid-depth, and bottom in the ship channel aswell as over Borden Flats will likely 
be required to resolve the issue. 

Due to the differences in larval winter flounder density between the intake and discharge 
equivalent adult (EA) calculations were repeated using the intake densities recorded fiom 1995 
through 1998. Intake samples collected in 1994 were not included because sampling did not begin 
there until March 16. Since six sampleswere taken fiom the intake on each samplingoccasion, the 
geometric mean of the three upper and three lower samples was calculated for each date. EA values 
were determined using the staged and unstaged computations as described above (Table 1-20). 

Thetotal number oflarval flounderwhich would have been entrainedbased on intake densities 
was greater than the number estimatedto have been entrained based on discharge densities in all four 
years. Ratios between the two ranged fiom 1.OS in 1997 to 1.52 in 1998. Since the unstaged EA 
computations are simple scalar values, the adult estimates vary by the same amount; Le. the EA 
estimate for 1998 based on the intake densities (4,608) was 15 2  times higher then the estimate based 
on the discharge densities (3,024). EA estimates based on staged larvae varied fiom year to year 
because of differences in the distribution of stages. In 1995, 1997, and 1998 the EA estimates were 
larger when based on discharge densities while in 1996 they were larger when based on the intake 
densities. Averaged over the four year period, EA values were 34,294 based on intake densities and 
39,917 based on discharge densities (Table 1-20). The reason for the greater number of equivalent 
adults based on discharge densities was the relatively greater number of stage 3 and stage 4 larval 
flounder in the discharge collections. These individuals have survived the fist two larval stages and 
a greater percentage of them will therefore survive to become adults. 

Other species: In addition to larval winter flounder four other ichthyoplankton groups were 
sufficiently abundant during late winter and early spring to permit a review of their abundancein the 
intake and discharge in comparison to larval flounder. These were fourbeard rockling (EncheZyops 
cimbrius) eggs, tautoglcunner (the labrids,Tautoga onitisflautogolabrus adspersus)eggs, grubby 
larvae (Myoxocephalusaenaeus), and sand lance (Ammobyes spp.) larvae (Figure 1-21). 

Among the eggs, fourbeard rockling displayed among-station differences during each of the 
four years studied and labrids did so during three of the four (Figure 1-21, Tables 1-21 and 1-22). 
Among rockling eggs in 1998 and 1996, seasonal mean densities were statistically similar in lower 
intake and discharge samples, these two locations exceedingupper intake densities. In 1997 and 
1995 all three locations proved to be discrete, the lower intake ranking highest in both cases, followed 
in descending order by the discharge, and the upper intake. Among labrid eggs, results were 
somewhat unusual in that seasonal mean densities averaged higher in the discharge samples than at 
the two intake locations. This was true for all four seasons although in 1996 differences were subtle 
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and not statistically significant. Consistent within all four years, the upper intake ranked second 
followed by the lower intake. 

Among-station differences were also detected with sculpin and sand lance larvae. Sculpin 
larvae were generally taken at similar densities in the lower intake and dischargebut at significantly 
lower densities in the upper intake. Collections in 1995 differed fiom this pattern in that all three 
stations proved to be distinct. In descending order, lower intake ranked highest followed by the 
discharge, and then upper intake (Figure 1-21, Table 1-23). These data suggest that the discharge 
consists of a mixture of upper and lower intake densities. Results for sand lance larvae differed fiom 
the majority of other cases in that they were generally most abundant in the upper intake samples 
(Figure 1-21, Table 1-24). This was true in 1996 and 1998 where upper intake densities were 
significantly greater then the other two locations and in 1995 where the seasonal mean density was 
greatest in the upper intakebut not significantlygreater then the discharge samplinglocation. In 1997 
the upper intake and discharge collections were essentially identical (1.8 and 2.1 per 100 m3, 
respectively), both exceeding the lower intake. 

The distribution of rockling eggs and sculpin larvae suggests, as did the larval flounder data, 
that ichthyoplankton in the lower half of the water column in the intake have a greater probability of 
being entrained then those in the upper half. Greater numbers of labrid eggs in the discharge samples 
compared to both the upper and lower intake during all four seasons suggests that tautog andor 
cunner spawn in the discharge channel. Collection of moderate numbers of these eggs in the 
discharge in March and April each year, 6 to 10weeks in advance of their normal spawning season 
(see for example Fritzsche 1978), suggested this was the case in the past (NEP and MRI 1994). 
Divers tending to the barrier net near the mouth of the discharge canal regularly report observing 
tautog on both sides of the net (see for example NEP and MRI 1998). Tautog and cunner may also 
be abundant along the rip rap lining the intake embayment, and later in the season as the Bay warms 
these individuals would broadcast eggs closer to the intake structure than the intake sampling 
location. 

Data obtained from rockling and labrid eggs as well as sculpin and sand lance larvaefailed to 
explain the lower densities of larval flounder in the dischargecanal samples compared with the intake 

. 	 samples. Larval sand lance, found to be more abundant in the upper intake samples compared with 
the lower intake were about evenly distributed between intake and discharge when upper and lower 
samples were averaged suggesting the discharge was an even mixture of the two. This was largely 
the case for sculpin aswell although years like 1997 suggest that larvae in the lower half ofthe intake 
are more likely to be entrained consistent with the winter flounder results. 
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Figure 1-16. Average Station flow in thousands of gallons per minute, MarCh-April, 
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Figure 1-17, 	 Total estimated numbers of larval flounder entrained by Brayton Point 
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Figure1-18. Annual Bay abundance index for larval winter flounder compared With-
total numbers entrained at Brayton Point Station, 1973-1985,1992-1998. 
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Figure1-20. Area map of upper Mount Hope Bay showing Brayton Point and Borden Flats. 
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Table 1-12. 	 Mesh extrusion scalar values used to calculate larval winter flounder 
entrainment totals. See text for details. 

Mesh Extrusion Scalar 
used Stage 1 Stage 2 Stage 3 Stage 4 

Unit 12.3 
1975-1980 0.333 1 .oo 1 .oo 1 .oo 1.oo 

1981-1985 0.505 6.00 4.80 1.oo 1.oo 

1992-1993 0.505 6.00 4.80 1 .oo 1 .oo 

1994-1998 0.333 1 .oo 1 .oo 1 .oo 1 .oo 

unit 4 
1992-1993 0.505 8.22 6.58 1 .oo 1 .oo 

1995l 0.333 1.37 1.37 1 .oo 1 .oo 

1997l 0.333 1.37 1.37 1 .oo 1 .oo 

Unit 4 operated in piggyback mode throughout the entire larval flounder season in 
1994,1996, and 1998. 

‘Values shown based on 0.202/0.333 comparisons. 
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Brayton StagelLawae Stagc2Lprvst Stagc3Luvae Stage4Luv.c Agc3 Agc3? Yau unit Entrained Entraintd Entnintd Entrrincd Equiv.Adu1ta Equiv.Mults 
(Number) (Pounds) 

123 188,941,989 265,980,659 192,884,700 722,772 193,031 115,819 

123 187,598,900 178,515,500 1 15,794,600 0 116,807 70,084 

123 I6l,ooSJoo 119,614,400 93,144980 463,062 94,523 56,714 

123 45,348,462 31,444,032 5 1,056930 198Q59 47,523 28314 

123 765,306,600 407,170,704 107,914,600 855,749 147,790 88,674 

123 5291 1,750 518,233,920 97,280,820 808,058 100,624 60574 

123 312,384,900 518,233,920 161,895,600 142,236 189,382 113,629 

-/- 1985 123 74,236,800 310,754,160 54,865,010 108,863 76,024 45,614 
4 162,694,890 208,765,093 55,870,5 14 0 68,957 41,374 

p, Podtd 236,931,690 519319,253 110,735,524 108,863 144,981 86,989 
'r 
i l  -.-. 1992 123 144,440,760 600,268,800 194,595,100 3,963,815 241,243 144,746 

4 4,376,394 35351,099 34,786,420 309,765 34,033 20,420 
Pooled 148,817,154 635,8 19,899 229,381,520 4,273,580 275,276 165,166 

1993 123 4 9 311,222 101,131,%8 9,06338 415,672 19,996 11,998 
4 1,218,434 5,743,613 2,973,981 208,822 4,352 2,611 

Podcd 50,529,656 106,875,581 12,037,289 624,494 24348 14,609 

1994 123 29,178,230 34,902,390 29,157,090 463,757 30,636 18,382 
4 0 0 0 0 0 0 

Pooled 29,178,230 34,902,390 29,157,090 463,757 30,636 18,382 

1995 123 38,671,450 119,317,200 64,438,800 525,020 68,252 40951 
4 39,840,310 115366,600 20,020,490 115,436 28,620 17,172 

Pooled 78,511,760 234,883,800 84,459290 640,456 %,872 58,123 

1996 123 14,841,810 71,100,860 30,487,510 0 32,192 19,315 
4 0 0 0 0 0 0 

Pooled 14,84 1$1 0 71,100,860 30,4873 10 0 32,192 19315 

1997 123 17,893,390 34,056,170 32,852,370 906,191 35,806 21,484 
4 518,030 6,876,522 3,795,132 53,856 4,093 2,456 

Pooled 18,4 1 1,420 960,047 39,899 23939 
..-_ 

-%< 

1998 123 937,810 23,419 14,051 
4 0 0 0 0 0 0 

Pmled 5,858,065 22,928,110 19,32430 937,8 10 23,4 19 14,051 

MHUl 123 139,195,589 222,243,520 83,650,376 700,798 94,483 56,690 
4 26,081,007 46,562,866 14,680,817 85,985 17,507 10304 

Pooled 153,105,459 247,077,048 91,480,145 746,656 103,820 62,292 

S.E. 123 50,049,852 52,065,067 15,826,209 247,877 18,109 10,865 
4 20,105,095 27,037,624 7,357,535 4 1,542 8,779 5,268 

Pooled 49,846,305 55,821,112 16,809,626 266,469 19,413 11,648 

Note: The Unit 4 entrainmentvalue for 1985 is an estimate based on larval densities at Mount HopeBay Station 4 
in the LeeRiver. Unit 4 entrainment samples were not collected that year. 

I 

I 

I 

1 

I 

I 

I 

1 

I 

I 

I 

I 

1 
1 
1 
I 
I 
1 
I 

23 



1.49 


Am539 Rhodclsland Total EA EA 
Commercial Recreational Estimated Unsiaged smed 

YCiU Landings Landings* Landings (Pounds) Percent (Pounds) Percent 
, (Pounds) (Pounds) (Pounds) 

1973 1,160,400 306600 1,467,000 41,125 2.80 
1974 
1975 

890,500 
822977 

u)6,600 
306,600 

1,197,100 
1,129,577 

17,765 
26,738 

1.48 
2.37 

1976 840,479 306,600 1,147,079 25,027 2.18 
1977 1,094,021 306,600 1,4Oo,62 1 14,980 1.07 
1978 1,488,454 306,600 1,795,054 23,993 1.34 115,819 6.45 
1979 1.8 18,12 1 306,600 2,124,72 1 17,829 0.84 70,084 3.30 
1980 2,82%95 313,272 3.1 39,267 13,845 0.44 56,714 1.81 
1981 2,454,937 55,671 2,s 10,608 4,737 0.19 28514 1.14 
1982 3,003,129 369,278 3,372,407 47,40 I 1.41 88,674 2.63 
1983 2,739,058 315,573 3,054,63 1 11,274 0.37 60,374 1.98 
1984 2,872,232 309,885 3,182,117 36,724 1.15 113,629 3.57 
1985 2,572,392 1,073,468 3,645,860 32,086 0.88 86,989 2.39 
1986 1,900,455 1,645,229 3,545,684 
1987 1,391,757 432,617 1,824,374 
1988 1,160,465 369,839 1,530,304 
1989 1,004,669 186,063 1,190,732 
1990 719,669 220,072 939,741 
1991 1,444,564 124931 1,568,895 
1992 790,191 8,933 799,124 37,673 4.7 1 165,166 20.67 
1993 533,589 7,525 541,114 6,370 1.18 14,609 2.70 
1994 54,361 33,638 87,999 3,467 3.94 18,382 20.89 
1995 89,164 26,345 1 15309 14,743 12.76 58,123 50.32 
1996 51,591 62,029 113,620 4,307 3.79 19,315 17.00 
1997 103,532 71,786 175,318 3,587 2.05 23,939 13.65 
1998 Not Available Not Available Not Available 1,815 14,051 

ean (73-97) 1,353,068 320,832 1,663,938 20,193 2.37 65,738 10.61 
s.e. 188,482 227,079 2,751 0.56 11,546 3.50 

* 1973 - 1978 based on 1979 value. 1980 - 1996represents inland landings only. 


Entrainment samplingwasnot conducted from 1986 - I 991. 


Weight ofequivalent adult flounder based on 0.6 pounds per fish. 
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Table 1-16. 	 Summary statistics for analysis of vaTjance comparing stage 1 larval 
flounder densities at Brayton Intake upper and lower with the discharge. 

Intake F 
UDD- Lower Discharge Station D 

-1998 
Geometric mean 4.9 10.7 1.7 71.5 o.oO01 
95% CL lower 4.0 8.9 1.3 
95% CL upper 6.1 13.0 2.2 

-1997 
Geometric mean 7.8 9.9 6.5 3.1 0.053 
95% CL lower 6.1 7.8 5.1 
92% CL upper 10.0 12.6 8.4 

-1996 
Geometric mean 12.7 17.7 4.3 63.9 0.0001 
95% CL lower 10.6 14.9 3.5 
95% CL upper 15.1 21.1 5.3 

-1995 
Geometric mean 19.5 25.8 11.9 11.8 0.0001 
95% CL lower 15.5 20.7 9.4 
95% CL upper 24.4 32.3 15.0 

~~~ 

Statistically similar locations (pX.05) arejoined by a bar. 
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Table 1-17.	Summary statistics for analysis of variance comparing stage 2 larval 
flounder densities at Brayton Intake upper and lower with the discharge. 

-1998 
Geometric mean 
95% CL lower 
95% CL upper 

-1997 

Geometric mean 
95% CL lower 
95% CL upper 

-1996 
Geometric mean 
95% CL lower 
95% CL upper 

-1995 

Geometric mean 
95% CL lower 
95% CL upper 

Intake F 
m e r  Lower Dischartze Station D 

8.1 10.2 6.7 5.6 o.Ooo1 
6.8 8.6 5.6 
9.6 12,l 8.0 

* * 

22.3 17.2 12.8 17.6 0,0001 

19.6 15.1 11.2 

25.4 19.6 14.7 


8.6 11.3 8.1 7.0 0.001 
7.4 9.9 7.0 
9.9 13.0 9.3 

* * 

33.8 40.8 16.8 30.2 0.001 

28.5 34.5 14.1 

40.0 48.3 19.9 


Stationsjoined by a bar were not found to differ statistically. An asterisk indictesthat 
upper intake and discharge were statistically similar. 
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Table1-18. Summary statistics for analysis of variance comparing stage 3 larval 
flounder densities at Brayton Intake upper and lower with the discharge. 

Intake F 
U D D ~  Lower Discharge Station D 

-1998 
Geometric mean 3.8 9.8 8.2 24.6 o.Ooo1 
95% CL lower 3.1 8.1 5.9 
95% CL upper 4.7 11.7 8.6 

-1997 
Geometric mean 10.4 13.5 14.9 3.8 0.027 
95% CL lower 8.6 11.2 12.4 
95% CL upper 12.6 16.3 17.9 

-1996 
Geometric mean 5.0 9.6 9.7 26.1 0.0001 
95% CL lower 4.2 8.0 8.2 
95% CL upper 6.1 11.4 11.6 

-1995 
Geometric mean 5.2 12.3 8.9 24.6 o.oO01 
95% CL lower 5.6 14.5 10.1 
95% CL upper 8.4 20.9 14.6 

Statistically similar locations (pN.05)arejoined by a bar 
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I Table I- 9. Summary statisticsfor analysisof variancecomparing tot& .mal flounl er 
densities at Brayton Intake upper and lower with the discharge. 

I 
-

I 
1998 
Geometric mean 
95% CL lower 
95% CL upperI 
1997I -
Geometric mean 
95% CL lower 
95% CL upperI 

I 
-1996 
Geometric mean 
95% CL lower 
95% CL upper 

I 
I 

-1995 
Geometric mean 
95% CL lower 
95% CLupperI 

I .  
Stationsjoined by a barwere not found to differ statistically. An asterisk indictes that 

Intake F 

Umer b w e r  Discharge Station b 

15.8 29.5 14.1 36.7 o.Ooo1 
13.8 25.9 12.4 
18.0 33.5 16.2 

30.0 36.8 32.0 4.0 0.022 

27.1 33.1 28.8 

33.3 40.8 35.5
* * 

18.7 27.6 17.1 18.4 0.0001 

16.6 24.5 15.2 

21.1 31.0 19.3
* * 

42.6 78.6 44.8 24.1 0.0001 

37.0 68.5 39.0 

48.9 90.2 51.1
* * 

I upper intake and discharge were statistically similar. 

I 
I 
I 
1 

I 



1.54 

Table 1-20. Estimatedtotalnumbers of larval winter flounder entrained at Brayton Point Station 
based on both intake and dischargedensities. Equivalent adult (EA) estimates 
using tbe unstaged and staged approachare shown for both sets ofvalues. 

Stage 1 Larval Flounder Stage 2 Larval Flounder-
Intake Discharge Intake Discharge 

1995 43,196,240 38,671,450 1995 172,590,900 119,3 17,200 
1996 53,575,280 14,841,810 1996 109,944,100 71,100,860 
1997 20,396,260 17,893,390 1997 40,973,240 34,056,170 
1998 22,436,100 5,858,065 1998 32,131,240 22,928,110 

Mean 34,900,970 19,3 16,179 Mean 88,909,870 61,8503 85 

Stage 3 Larval Flounder Stage 4 Larval Flounder- -

Intake Discharge Intake Discharge 
1995 50,486,240 64,438,800 1995 63,497 525,020 
1996 28,226,010 30,487,510 1996 114,742 0 
1997 22,296,480 32,852,370 1997 373,066 906,19 1 
1998 16,429,630 19,324,220 1998 193,667 937,810 

Mean 29,359,590 36,775,725 Mean 186,243 592,255 

Total Larval Flounder 
Intake Discharge 

1995 278,325,700 222,952,470 
1996 196,801,800 116,430,180 
1997 89,639,330 85,708,121 
1998 74,724,720 49,048,205 
Mean 159,872,888 118,534,744 

Total EA Values (Staged Approach) Total EA Values (UnStaged Approach) 
Intake Discharge Intake Discharge 

1995 58.998 68.252 1995 17,162 13,747
~ 

1996 351254 321192 1996 121135 7,179 
1997 24,775 35,806 1997 5,527 5,285 
1998 18,148 23,419 1998 4,608 3,024 

Mean 34,294 39,917 Mean 9,858 7,309 

I 

I 
I 
I 
I 
I 

1 

I 
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Table1-21.	Summarystatisticsfor analysisofvariancecomparinglabrid egg densities 
at Brayton Intake upper and lower with the discharge. 

-1998 
Geometric mean 
95% CL lower 
95% CL upper 

-1997 

Geometric mean 
95% CL lower 
95% CL upper 

-1996 

Geometric mean 
95% CL lower 
95% CL upper 

-I995 
Geometric mean 
95% CL lower 
95% CL upper 

Intake F 
Umer Lower Discharge Station D 

25.3 17.2 74.9 52.5 o.Ooo1 


-

27.5 17.7 37.1 13.0 0.0001 


20.5 17.4 21.3 2.19 0.119 


30.0 24.4 41.6 10.4 0.0001 

Statistically similar locations@>0.05) arejoined by a bar. 
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Table 1-22. 	 Summary statistics for analysis of variance comparing larval sculpin Idensities at Brayton Intake upper and lower with the discharge. 

Intake F 

UDDer Lower Discharae Station D I 


1998
7


Geometric mean 2.4 2.8 2.1 1.2 0.313 

95% CL lower I 
95% CL upper 


I 

1997
-
Geometric mean 1.o 3.3 3.3 21.4 0.0001 

I 

95% CL lower 

95% CL upper I 


I 

1996-
Geometric mean 2.8 6.7 5.5 20.5 0.0001 
95% CL lower I 

95% CL upper 


1 

1995
-
Geometric mean 4.8 8.6 5.8 5.3 0.008 I 

95% CL lower 

95% CL upper 1 


1

Statistically similar locations (pX.05)arejoined by a bar. 


I 

I 

I 

I 

I 
__ 

~~ 
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Table 1-23. 	Summary statistics for analysisofvariance comparingfourbeard rockling 
egg densities at Brayton Intake upper and lower with the discharge. 

-1998 
Geometric mean 
95% CL lower 
95% CL upper 

-1997 
Geometric mean 
95% CL lower 
95% CL upper 

-1996 
Geometric mean 
95% CL lower 
95% CL upper 

-1995 
Geometric mean 
95% CL lower 
95% CL upper 

Intake F 
Upper Lower Discharge Station D 

18.5 37.6 32.3 45.3 o.Ooo1 

29.4 95.7 60.7 114.2 0.0001 

1.2 4.2 3.3 34.5 0.0001 

13.9 24.4 20.2 23.5 o.Ooo1 

Statistically similar locations (pX.05) arejoined by a bar. 
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Table 1-24. Summary statistics for analysis of variance comparing larval sand lance 

densities at Brayton Intake upper and lower with the discharge. 


Intake F 

Umer Lower Discharge Station D 


-
1998 

Geometric mean 15.8 4.4 10.5 39.9 o.oO01 

95% CL lower 
95% CL upper 

-
1997 

Geometric mean 1.8 0.7 2.1 7.7 0.001 

95% CL lower 
95% CL upper * * 

-1996 

Geometric mean 11.8 6.8 8.7 6.9 0.002 

95% CL lower 
95% CL upper 

-1995 

Geometric mean 5.0 3.6 4.4 4.2 0.018 

95% CL lower 
95% CL upper * 
 * 

Stationsjoined by a barwere not found to differ statistically. An asterisk indictes that 
upper intake and discharge were statistically similar. 

I 

I 

I 

1 

I 

1 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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Finfish SamDling 

Introduction 

Finfish populations in Mount HopeBay havebeen monitored since 1971to determine whether 
persistent population declines or shifts in community structure have occurred which might be 
attributable to operations at Brayton Point Station. Three samplingmethods have been used,otter 
trawl and beach seine for bay-wide fishes and revolving screens for those fishes impinged at the 
Station. For the trawl program alterations over time included the addition ofthree stations to an 
original set of five and changing from duplicate to single tows at each station in October 1979. A 
decline fiom twice to once monthly sampling occurred in October 1980, followed by the elimination 
of two stationsin January 1986(Table F-1). Gearand towingvessel have remained constant through 
the time series although replacement nets were purchased in 1986,1987, and 1994. The beach seine 
samplingprogram has remained virtually unchanged sinceMay 1972ashas sampling of the revolving 
screens which began in 1971. A finfish impingement survival study was completed in 1981-1982 
(MRI 1982) for Units 1,2, and 3. 

Beginningin 1992and 1993respectively,thebeach seine and trawl programs were augmented 
to address concerns about declining winter flounder (Pleuronectesamericanus) stocks in Mount 
Hope Bay. During the 1992 winter flounder spawning season,adult collections were the lowest of 
the 1972-1992dime series while the larval flounder abundance index for that year was the highest. 
Additional tows were completed fromFebruary through May 1993and fromDecemberthrough May 
1993-1995to determine if the standard six fixed trawl stations were grossly underestimating adult 
abundance and distribution. Also, the relatively low stock-recruitment relationship calculated for 
Mount Hope Bay flounder at that time (Gibson 1993a), along with the relatively large mesh of the 
standard net, suggested that age 1 flounder were being undersampled in the winter and spring. As 
a result, tows were completed on a monthly schedule with a finer mesh trawl. The current beach 
seine program has occasionally produced young flounder in small numbers but the four long-term 
sampling locations were not specificallyselected for winter flounderand probably do not samplethe 
best habitat for this species. To better assess the abundance and distribution of young flounder in 
upper Mount HopeBay tributaries, additional beach seine samplingwas therefore conducted in June 
1992 and June-August beginning in 1993. 

summary 

In 1998, bottom trawling to sampleMount Hope Bay finfish populations was completed on 
a monthlybasis with two nets. The long-term standard trawl program consisted of single, 15-minute 
monthly tows along ten fixed and random transects. Thirty-one species were represented in those 
collections with winter flounder, windowpane, bay anchovy, butterfish, alewife, scup, Atlantic 
herring, and striped searobin accounting for 77% of the year’s total.Collectionswere clearly greater 
along deep-water transects compared with shallowones consistent with observations from past years 
along the Brayton Point intake channel. Mean catch per tow for winter flounder with the standard 
net remains below one fish per tow as it has been since 1988. Windowpane abundance, highly 
correlated with that of flounder, also remains at historically low levels despite agradual upward trend 
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observed fiom 992 to 1996. Comparisonof trends in ..,aunt Hope Bay flounder and windowpane 
is generally consistent with declines noted in other New England survey time series. Catch per tow 
in Mount Hope Bay remains low for tautog (none were collected in 1997,O. 1 per tow were taken in 
1998) and hogchoker, consistent with available data fiom other regional surveys.A subtle upward 
trend is apparent for hogchoker in Mount Hope Bay and Connecticut. Abundancetrends were also 
tracked for scup, butterfish, and skate althoughthese speciesare rarely abundant in MountHopeBay. 
Aggregate resource abundance in Mount Hope Bay gradually increased fiom 1994 to 1996, a trend 
which reversed in 1997 and 1998. Correspondinginformation for lower Narragansett Bay fiom the 
University of Rhode Island showed a downward trend fiom 1994 through 1996 with 1997 and 1998 
remaining low. Information fiom the Rhode Island Department of Environmental Management 
showed a downward trend fiom 1995 through 1998. These data suggested that the upper estuary 
may not always vary in concert with the lower Bay and nearby coastal waters but at times they do 
track each other. Dominance diversity trends for Mount Hope Bay showed that 1996 and 1998 
represented two of the best values observed over the 1986-1998 period, suggesting that some 
recovery in the balance of fish populations in Mount HopeBay hasoccurred. The entire series (1972
1998) no longer displays a statistically significant downward trend. 

A fine-meshWilcox trawl was u t i l i  year-round, Bay-wide, for the third year in 1998using 
a depth-stratified random design. A total of 39 species were collected with bay anchovy, winter 
flounder, butterfish, scup, alewife, and Atlantic silversidesbeing the numericaldominants. Collections 
of winter flounder in 1997 exceeded those in 1996 and 1998 (stratified means = 9.3 vs 6.6 and 8.8 
fish per tow, respectively). Windowpane were particularly abundant in the fall of 1996 (3.0 per tow) 
declining in both 1997 (1.5 per tow) and again in 1998 (0.3 per tow). Total fish increased in each 
of the three years fiom 19.5 per tow to 35.2 per tow in 1998. Time series comparisons were 
completedfor flounder for 1993-1998 using data for the Wdcox trawl from February-Maywhen that 
net was used seasonally in past years. While imprecise due to a small number of tows, catch rates for 
that period trend downward through 1996 then increase in 1997 and again in 1998. Comparisons 
of catch per tow between upper and lower Mount Hope Bay indicate that fish utilize deep-water 
habitat in both areas, averaging higher numbers in the upper Bay over the 1996-1998 period as a 
whole. Winter flounder average somewhat higher in number in the lowerBay where more deep water 
habitat exists. 

The fine-mesh Wilcox trawl was added to the Mt Hope Bay sampling program because the 
larger mesh standard trawl was not adequately tracking shifts in abundance of small fish which often 
increase during times when larger species such aswinter flounder and windowpanedecline. This was 
displayed in aggregate resource abundance trends from 1996-1998 which changed little for the 
standard trawl while increasing for the Wdcox trawl. 

Finfish impinged on the revolving screens at Brayton Point Units 1,2,3 were enumerated on 
a daily basis year-round by diverting the screenwash water to an in-line collection tank. All fish 
collected were identified, enumerated, and measured. A total of 46 species were sampled from the 
screens in 1998. Numerical dominants included winter flounder, alewife, hogchoker, Atlantic 
menhaden, silver hake, tautog, Atlantic silverside, Atlantic tomcod, butterfish, blueback herring, 
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I threespine stickleback, smallmouth flounder, and oyster toadfish. All 16 typical dominants were 
impinged in below-average numbers. 

Beginningin March, near-shore M s h  populations in Mount HopeBay were sampled at four 
standard locationswith 300-ftand 604beach seines. All fish were identified, counted, and measured 
to the nearest millimeter in total length. Twenty-four species were represented in the catch 
considering both nets. Atlantic silversides clearly and consistently dominated the near-shore fish 
cornunify accounting for 82% of the 1998 total. Collections of silversides in the s m d  net, 
reflecting primarily young-of-the-year, were below average equaling 71% of the 1972-1997mean. 
In the large net silverside collections in June, July, and August, representing adults and larger young
of-the-year were also below average, amountingtojust 40% of the corresponding mean for 1992
1997. 

Continuing a sampling program begun in 1992,young-of-the-year winter flounder were 
sampled by beach seine on five occasions during the summer of 1998.During each occasion, 18 to 
20 locations were sampled with duplicate or triplicate hauls covering the Taunton, Lee, Cole, and 
KickamuitRiver estuaries. Mean number per haul based on June collectionsindicated that production 
of young fish ranked sixth over the seven-year period. Clear consistent patterns in catch between 
stations or even among rivers have not been identified. Mortality rates estimated for Mount Hope 
Bay tributaries in general were greater than those reported for the Mystic River, CT but comparable 
to those recorded in the Niantic River, CT.Absolute growth in length as measured during August 
was greatest in 1996with individuals reaching a mean total length of 67mm, 6.3mm larger then in 
1998.Growth in 1998appeared to be slowest prior to the first samplingseries amongthe sevenyears 
studied but compensatedfor the slow start by rapid growth later in June. During June and July 1998 
young flounder grew at a rate of 0.39d d a y ,  which was the second most rapid of the time series 
which ranged from 0.21to 0.41&day. Water temperature and dissolved oxygen values recorded 
at time of sampling in most cases did not appear to be limiting to the distribution of young flounder 
in Mount Hope Bay tributaries. Six annual young-of-the-year surveys completed during late spring
summerprovide abundancedata for New York, Connecticut, Rhode Island, and other Massachusetts 
waters. Based on these data, the 1992year class appears to have been a relatively strong one even 
as far removed from Mount Hope Bay as New York. In contrast, 1993 appears to have been a poor 
year class in most cases. The current 1998 season ranked near the middle of the seven-year time 
series in many of the surveys. In Mount Hope Bay mean larval abundance and mean young-of-the
year catch were found to be strongly correlated. Young-of-the-year abundancewas also correlated 
with numbers of age 1 flounder collected the following spring. However, both relationships were 
highly dependent on 1992. 
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A. OtterTrawl 

Methods 

The long-term, standard trawl program in MountHope Bay consisted of single, monthly tows 
along six ked transects, each 15 minutes in duration (Figure F-I). Meanwater depth was typically 
15-18 feet along each transect except at the Brayton Point intake where depth ranged fiom 35-40 
feet. Adjustments in tow duration were occasionally made to cover an established course; this was 
most common in the Taunton River where tidally driven currents were strongest. Transects were 
located using land based bearings and differential GPS. The trawl measured 37.5 feet in lengthwith 
a 25-A head rope, 36-foot foot rope, 4.75-inch stretch mesh in the body, and 1.5-inch stretch mesh 
cod end. 

From 1993 through 1995 over the course of the winter flounder reproductive season, 
additional standard trawl tows were completed. These were designed to improve coverage of the 
Taunton River as well as the deep shipping channel leading to the River considering that only the 
existing Intake tow was in deep water 0 2 0  feet) and the Taunton River has been shownto contribute 
the majority of larval flounder to the Bay (MRI 1979). Twenty-three transects, each 1250yards in 
length, were established from the confluence of the Assonet River with the Taunton River to the 
Massachusetts state line (Figure F-2); 1250 yards is the distance established by the standard 15
minute tow. On each monthly sampling occasion, December-May, six transects were selected at 
random from the pool of 23 and sampled with the standard trawl in addition to the six fixed stations. 

Beginning in March 1997, four additional tow were added to the standard trawl program to 
bring the total completed each month to ten. The four additional stations were selected at random 
from 83 depth-stratified transects initially established throughout the Bay for the Wilcox trawl (see 
below). Three stations were selected each month from the deep-water pool and one was selected 
from the shallow pool. When combined with the existing five shallow and one deep transect, the 
added tows resulted in six shallow-water stations and four deep-water stations. Sampling 
methodology remained the same at each location. 

Beginning in 1993, in an effort to improvethe collection of age 1 flounder, defined as those 
less than or equal to 150 mm total length (TL; Gibson 1993a), tows were also completedwith a h e -
mesh Wilcox trawl (Table F-1).This net measured 30 feet along the footrope and was constructed 
of 2-inch stretch mesh in the body, 1'/?-inch stretch mesh in the cod end which was fitted with a %-
inch mesh liner. Six tows were made each month from February through May, increasing to 12 in 
April and May 1995. The tows were selected at random from a pool of 29 transects consisting of the 
23 described above plus the six fixed standard trawl transects. Currently, completion of 10tows with 
the standard trawl plus ten to twelvetows with the Wilcox trawl typically required two days' sampling 
time. When random station selection called for a station to be sampled with both the standard and 
Wilcox trawl in the same month, every effort was made to tow over adjacent bottom on the second 
pass and to allow at least 24 hours to elapse between tows. 
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In 1996the Wilcox trawl program was revised firther to improve enumerationof smaller and 
more fusiform fishes not well retained by the standard trawl. The revised program utilized a random 
stratitied design to cover all of Mount Hope Bay. Two depth stratawere established consistent with 
the mode Island Department of Environmental Management (RDEM) Division of Fish, Wildlife, 
and Estuarine Resources, NarragansettBay trawl program. A total of 45,1250-yard transects were 
established in water less than20 feet deep, and 38 similar transects were established in water deeper 
than 20 feet (Figure F-3). Based on planimetered surface area using N O M  Chart 13221,60% of 
Mount Hope Bay is shallow-water habitat less than 20 feet deep, the remainder exceeding 20 feet, 
referred to as deep water for purposes of this study. Once per month ten 15-minute trawls were 
completed in the Bay. Six were selected at random fiom the shallow pool, four were randomly 
selected fiom the deep-station pool. During the months of February through May two additional 
tows were completed monthly between the Braga and Brightman Street Bridges to improve 
knowledge of the abundance and distribution of winter flounder. These two tows were selected at 
random from the three established in those locationsin 1993with all threebeing in water over 20 feet 
deep (Figure F-2). 

Beginning in July 1997 sampling with the Wilcox trawl was extended outside Mount Hope 
Bay to include a single tow in the Warren River and one on Ohio Ledge. These two stations are 
included in RIDEM'S monthly sampling program (Lynch 1998, Figure FA). Sampling these two 
locationswas designed to increasethe amount of overlap between the RJDEM Narragansett Bay and 
Mount Hope Bay sampling programs, realizing that different gear is used. 

All fish were identified, counted, and measured (TL= total length) to the nearest millimeter. 
Flounder equal to or exceeding 270 mm TL, the length at which 50% of the stock reaches maturity 
( N O M  1995), were weighed (A1 g) unless choppy seas prevented scale stabilization. These fish 
were also tagged with RIDEM Petersen disc tags secured through the dorsal musculature. This 
tagging program was conducted in cooperation with RIDEM with the tags being returned to their 
office. Mid-depth and bottom water temperatures ("C) along with bottom dissolved oxygen were 
recorded at each station with a Hydrolab Surveyor III. When sampling the random stations, to save 
time, Hydrolab profiles were occasionally omitted from one location if two stations were in close 
proximity to one another. 

For the long-term numerical dominants collected by standard trawl, an abundance index was 
computedbased on the delta distribution(Pennington 1983,1986,1996; NUSCO 1988, Smith 1988). 
The delta distribution provides an abundance index with substantially lower variance compared with 
conventional indices such as the arithmetic mean if the data set consists of many zero tows and the 
non-zero values follow the lognormal distribution. Delta mean calculations require the iterative 
computation of one parameter (g) and are therefore best completed with a computer. For winter 
flounder the proportion of zeros increased markedly after 1985(see TableF-4).For years where the 
proportion of zeros was low (see for example 1983-1985, Table FA), the delta mean approached or 
equaledthe arithmeticmean. Non-zero values were checked for normality using procedures outlined 
by Ryan and Joiner (1976). To remain consistentwith the historicaltime seriesthe randomly selected 
bay-wide transectsadded to the standardtrawl program beginning in March 1997were excludedfiom 
these calculations. Since the distribution of annual delta means over the 1972-1997time series was 
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Figure F-1. Location of long-term fixed otter trawl transects. 
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Figure F-2. Pool of 23 trawl transects in upper Mount HopeBay and the Taunton River fromwhich additional random 
sampling was completed with both standard and Wilcox trawls. 



Figure F-3. Approximate locations of shallow ((20 ft) and deepwater (>20ft) trawl transects in Nnmt fEope Bay. _ _
I 
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skewed in some cases (see scup, StenotomusChrysops,TableF-12), the median delta mean was used 
to describe long-term abundance. 

Results and Discussion 

Standard Trawl 

A total of 31 species were collected in the 119 tows completed with the standard trawl in 
1998 compared with an averageof25 speciesper year (s.e. = 1.4)over the 1972-1997 period. Trawls 
included the randomly selected deep and shallow tows introduced to the program in March 1997. 
May, August, and September collections produced the most species with 13, 17, and 13 per month, 
respectively (Tables F-2,3). Since the number of species represented in the catch is proportional to 
the number of tows completed over the course of the year, a logistic curve was fit to the number of 
species versus the number of tows completed each year. The curve, using the form (N = 
dl+(x/xo)Ab,Figure F-5), described the relationship with anR2value of 0.797and gave a predicted 
value of 32 speciesfor 1998'stotal of 1 19tows, one more then actually collected.These data suggest 
that the number of species taken was consistent with the historical pattern accounting for variation 
in the number of tows. 

Eight speciesof the 31 collected accounted for 77%of the total catch with the standard trawl 
in 1998 - winter flounder, windowpane (Scophthalmus aquosus), bay anchovy (Anchoa mitchillQ, 
butterfish (Peprilus triacanthus), alewife (Alosa pseudoharengus), scup, Atlantic herring (CZupea 
harengus), and striped searobin (Prionotusevolans),(FigureF-6). TheAugust collectionsproduced 
both the highest monthly species counts and the largest overall catch rates with a stratified mean 
number per tow for total fish of 12 (s.e.= 2.7). Butterfish accounted for the majority of the catch 
during that month. 

Winter flounder, ranked first in the 1998 standard trawl catch, accounting for 22% of the 
total. They were collected each month of the year with peak collections occurring in April and May 
when respective stratified means of 2.0 (s.e. = 0.8) and 2.7 fish per tow (s.e. = 0.9) were obtained. 
Over the course of the year more winter flounder were taken along the deep transects then the 
shallow ones by a factor of 2.5. Ratios between deep and shallow, where they could be calculated, 
ranged fiom 1.2(April) to 10.6 (August); flounder were collected only along the deep transects in 
July and October and only along the shallowtransects in January and February (Figure F-7). Length-
frequency data for winter flounder are presented in Figure F-8 for the January through June and July 
through December periods. Based on length-at-age data fiomHowell et al. (1992), ages 1 through 
at least 6 were represented in the catch. Since it becomes increasingly difficult to age fish based on 
length as they grow older because of overlapping lengths at age, the single 428 mm individual 
collected in February was likely older then 6 years. Ages 1 through 3 (1995-1997 year classes) 
accounted for the majority (79 and 95 %) of individualsin both time fiames although it is important 
to consider that age 1 flounder are under sampled by the standard trawl (NEP and MRI 1996)which 
will be discussed fbrther below. 

, 
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Winter flounder mean monthly abundance based on the 1998 standard trawl collections 
(stratitied means over all stations) was comparedwith the median value of individual monthly means 
over the 1972 through 1997period (Figure F-9). All individual monthly means were based on either 
five (1972-1979), Seven (1980-1989, s k  (1986-1996), or ten stations (1997- 1998) . The three
minuteDischarge tow was excluded over the 1980-1985 period since it was only one-fifth the length 
of the other tows. For all months in 1998 flounder mean catch rates were well below the historical 
monthly median catch per tow. When flounder were more common, they were collectedthroughout 
the year but were most abundant during April, May, November and Decemberjust before and after 
their January-to-April spawning season. Low catch rates were typically recorded in February and 
again fiom July through September. The February low catch rate presumably resulted fiom 
movement of large fish onto spawninggrounds perhapsMher up into estuaries or near shorebeyond 
the influence of trawling. It is also likely that adults become more aggregated during the spawning 
season reducing the probability that individuals will be encountered by samplinggear. Movement of 
large fish downbayto deeper, cooler water in summer and similarmovement of young fish to deeper 
water explainsthedecrease in catch during summer (see Klein-MacPhee 1978for synopsis). In 1998 
an increasein catch occurred in April and May following the historical pattern but a clear autumn rise 
preceding the 1999 SeaSOn was not apparent. 

Windowpaneranked secondin 1998, accounting for 12%of the year’s catch with the standard 
trawl. They were represented each month of the year aswere winter flounder. Althoughwindowpane 
do not appear to migrate extensively (Moore 1947, Morse and Able 1995) it is likely that they move 
to deeper water during the warmest and coldest months. They were most abundant fiom May 
through July when stratified mean catch per tow reached 1.2 @.e.= 1.O), 1.1 (s.e. =0.4), and 1.1@.e. 
= 0.5), respectively. Fish ranged in length from 84 to 297 mm (mean = 224, s.e. = 5.7, n = 63) 
suggesting, based on work in Rhode Island waters (Moore 1947), that the majority of individuals 
were twoand three-year old fish . Windowpanewere more numerousalong the deepwater transects, 
the annual average at those locations (1.1 per tow) exceeding the shallow water catch (0.2 per tow) 
by a factor of5.5. 

Bay anchovy, the numerically dominant ichthyoplankton species in Mount Hope Bay (MRI 
1993), contributed 10?!ofthe annual total in the standard trawl. They were found in the catch from 
May through November at stratified mean densities ranging fiom 0.5 (s.e. = 0.5) to 1.9 (s.e. = 1.3) 
per tow, respectively. The fish taken in May were adults ranging in length &om66 to 91 mm, those 
taken in summer and fall were primarily young-of-the-year ranging in length fiom 29 to 65 mm total 
length. Since these fish were well under a size likely to be retained by the standard trawl in 
proportion to their abundance, the individuals taken were probably entangled in marine vegetation 
and debris in the net. 

Butterfish migrateseasonallyboth inshore and northward fiomoffshorewintering areas. They 
are available to bottom trawls because they tend to remain near bottom at least during the day 
(Murawski et al. 1978). They are a summer- fall resident of Mount Hope Bay and were collected 
from July through November in 1998 although the majority were found in the August collections 
(stratified mean = 4.5 per tow, s.e. = 1.0). Overall they ranked fourth in numerical importance 
contributing 10% to the year’s catch. Consistent with many other species, most of the season’s 
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butterfish (79%) were obtained alongthe deep-watertransects(mean shallow=0.5,mean deep=2.6, 
May-November). Over the course of the season, fish ranged in length fiom 41 to 154mm (mean = 
66mm, s.e. = 3.1, n = 52).Most fish were apparently young-of-the-year but six age 1 fish were 
included (Murawski et al. 1978). 

Fifth amongfishesin the standardtrawl wasthe alewife,an anadromousspecieswhich utilizes 
the tributary rivers and streamsof Mount Hope Bay for spawning and nursery habitat. Young and 
adults typicallywinter offshore ("eves 1981) but someyoung fishapparently spend the winter in the 
deeper waters of Narragansett Bay since they are occasionally impinged on power plant intakes in 
winter (see for example MRI 1998). They were collected in April, July, October, November, and 
December. July collections were highest with a stratified mean of 1.5 per tow (s.e. = 0.8). Those 
taken in April (stratified mean = 0.4,s.e. = 0.4)were individualscompletingtheir first year (88,88, 
and 115 mm TL,n=3) with one adult, perhaps three years old included (275mm TL;Clayton et al. 
1978). Young of the year accounted for the majority of fish collected fiom July through December. 
They ranged in length from 75 to 121 mm.With one exception (October, n=1) all alewives were 
collected along deep water transects. 

Scup ranked sixth in the 1998standard trawl catch. They are a seasonal migrant to Mount 
Hope Bay, spending the winter in deeper continental shelf waters or fbrther south (see for example 
Bigelow and Schroeder 1953,Clayton et al. 1978). They were taken in May, June, August, and 
September,the latter catch being highest with a stratifiedmean of 1.5 per tow (s.e. = 0.1).Over the 
course of the four-month collection period 56% of the scup taken were found in shallow tows. 
Length-frequencyinformationindicated that fish averaged 126mm in length (s.e. =7.9,range =69
258). With the exception of two older fish measuring 233 and 258mm, individualsofthis size were 
probably members of the 1997year class returning to the upper Bay as one-year-old fish (Morse 
1978). 

Atlanticherring are widely distributedin New England waters, young fish contributingto the 
well known sardine fishery. They were found in the standard trawl in March and May collections, 
most in May with a stratified mean of 2.9per tow @.e.= 1.8). Fish ranged in length fiom 50to 91 
mm averaging 70mm (s,e, 2.1,n = 29) indicating that they were young fish resulting from the 
August-October 1997spawning season (Bigelow and Schroeder 1953,Clayton et al. 1978). They 
were found in both shallow and deep hauls although 62% were taken along the deep transects. 

Searobins (Priunutusspp.)are a common bottom fish often taken in trawls, pound-nets, and 
by hook and line fishermen. They are not often retained for human consumptionbecause they are 
generally smalland difficultto handlebecause ofboneyplateson the head and pronounced spines(see 
for exampleMcBride et al. 1998).Two species occur in Mount Hope Bay, the northern searobin(P. 
carolinus) and the striped searobin (P.evulans). Last among the numerical dominants, striped 
searobinwere collected in small numbersfiomMay through September,June's collectionsproviding 
the most fish with a stratified mean of 1.4per tow (s.e. = 0.1).While found alongboth shallow and 
deep transects, 87% of the total was found in deeper water. Fish averaged 258mm total length (s.e. 
= 16.9,range = 88 - 342)suggestingthat most were in their third and fourth years (McEachran and 
Davis 1970). 
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As the individual speciesaccounts indicated,the deep-water transectsclearly producedgreater 
numbers of fish (all species combined) than the shallow transects (Figure F-7). Only in February 
when a total ofthree fish were collected,all along shallow transects, did the shallow tows produce 
more fish then the deep ones. June and July collections represented the extreme with mean number 
per tow in the deepwater samples exceedingthe mean number in the shallow samplesby hctors of 
12 and 48, respectively. The greater productivity of the deep tows is consistent with previous 
sampling which showed that the deep Intake transect regularly yielded the most fish (NEP et al. 
1998). From 1972through 1983 before fish stocks declined, the mean annual catch at the Intake 
station accounted for an annual average of 80% of the catch when compared withthemean catch at 
the three long-term shallow-water stations (Cole, Lee, Spar). The contribution of the Intake tow 
appeared to decline in response to periodic dredging but returned to as high as 96% of the total in 
1994 and 1996. The Intake collections represented 88% of the total in 1997 and 90% of the 1998 
total when considering only the original four fixed stations.. 

Abundance Trends - Standard Trawl 

Annual mean catch per tow with 95% confidence limits based on the delta distribution was 
calculated for winter flounder, windowpane, tautog (Tautogu onitis),hogchoker, scup, butterfish, 
and little skate (Rujuerinucea), seven species which have typically dominated the Mount Hope Bay 
standard trawl catch. 

Abundancetrends for the numerical dominants in the Mount HopeBay catch were compared 
with several other New England trawl surveys. These included data fiom the Connecticut 
Department of Environmental Protection trawl survey, the Millstone Nuclear Power Station 
monitoring program, Rhode Island Division of Fish, Wildlife, and Estuarine Resources survey, 
University of Rhode Island Graduate School of Oceanography survey, Massachusetts Division of 
Marine Fisheries survey, and the Pilgrim Nuclear Power Station survey. 

The Connecticut DEP trawl survey data was obtained by using a 14-m otter trawl (51-mm 
cod end mesh), towed for 30 minutes at 3.5 knots, at 40 locations sampled monthly, April-June 
(spring). Site selection involved a stratified-random design which covers all Long Island Sound 
waters fiom the western Connecticut border to New London (Simpson et al. 1995). Monitoring in 
theNiantic River for the MillstoneNuclear Power Station, also in Connecticut, utilized a 9.1-m otter 
trawl (6.4-mm bar mesh cod end) towed at three locations during two days per week fiom ice-out 
(February, early March) through early April. During the remainder of the year three locations were 
trawled biweekly (NUSCO 1998). 

TheRIDEMtrawl survey employsa stratified random designin Narrragansett Bay with 16.5
m high-rise trawl (9.5-mm cod end) towed for 20 minutes at 2.5 knots. Surveys were completed in 
spring and fall of each year (see for example Lynch 1998, Gibson 1993b, Tim Lynch personal 
communication). Beginningin 1990, using the same gear, a monthly 12-fixed-station (increased to 
13 in 1992) monitoring program was added covering the Rhode Island area of Narragansett Bay 
(L,ynch 1993) including two stations in Mount Hope Bay. Data fiom both trawl series are included 
in this section. 
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The longest continuoustime seriesof trawl surveys, datingback to 1967, is maintainedby the 
UniversityofRhodeIsland GraduateSchoolof Oceanography(URIGS0). Oncea week, year-round, 
a 10-mbottom trawl (5 1-mm cod end) is towed for 30 minutes at a station in NarragansettBay (Fox 
Island) and one in Mode Island Sound (Whale Rock;JeEes  and Johnson 1974; Jay Hermson 
personal communication, February 1998). 

The Massachusetts Division of Marine Fisheries (MDMF)resource assessment program 
employs a 15.5-mtrawl (6.4-mm cod end) towed for 20 minutes at 2.5 knots. Surveys were 
completed in spring and fall covering approximately85 stations in each season. The northern stock 
survey covered from the New Hampshire border to Cape Cod and the southern stock survey fiom 
CapeCod through Nantucket and Vineyard Sounds(Howeet al. 1994). Lastly, bottomtrawl m e y s  
associated with Pilgrim Nuclear Power Station (PNPS)on the coast of Massachusetts employed a 
9.8-m bottom trawl (6.4-mm stretch cod end) towed monthly at four stationsfrom January-March 
and biweekly during April-December. Tow duration was 15 minutes (Lawton et al. 1992). Due to 
a change in emphasisthe PNPS trawl seriesbecame inconsistentwith the long-term time series after 
1994. 

Winter Flounder 

Mount Hope Bay winterflounder catch per tow declined sharplyfollowing 1983 and dropped 
below the minimumvalue ofthe 1972-1983 time series (10.6fish per tow in 1976) in 1986 when 5.8 
fish per tow were obtained. By 1988, mean catch per tow dropped below 1 fish per tow where it has 
remained for the past eleven years (Figure F-10, Table F-4). 

Time seriesdata provided by the other New England trawl surveysare summarized in Figure 
F-1 1 and Table F-5. With the exception of the ConnecticutDEP series, each of the flounder surveys 
are consistent with the Mount HopeBay survey in that abundancedeclined sharplyduringthe 1980’s 
and has remained at very low levels through 1998. TheNiantic River time seriesdropped from a high 
of 5 1 per tow in 1981 to a low of 1.6per tow in 1996. The 1997 and 1998 catch were barely higher 
at 2.4 and 2.1 per tow, respectively. The RIDEM seasonal (spring and fall) survey index deched 
from 139 flounder per tow in 1979 to 3 per tow in 1998, and the monthly index, which did not begin 
until 1990, declined from 20 per tow that year to a low of 6 per tow in 1998. The URIGSO series 
declined fiom 284 per tow in 1979 to 5 per tow in 1994 then back up to 37 in 1995. Values for 1996 
through 1998 ranged from 13 to 18 per tow. The MDMF southern stock index peaked in 1983 at 
19 individualsper tow, then declined steadilyto 3 per tow in 1991. Sincethat time catch rates have 
improved somewhat, rising to 13 per tow in 1994 and 10 per tow in 1996 and 1997. The MDMF 
northern stock index followed a similar but less pronounced pattern dropping from 29 per tow in 
1983 to 10per tow in 1994. The catch in 1995,1996, and 1997improved to 15,13, and 15 pertow, 
respectively. The Connecticut DEP time series began in 1984, peaked in 1990 (170 flounder per 
tow) out of stepwith the other surveys, and declined sharplythrough 1995 (48 per tow). Abundance 
increased in 1996 (93 per tow) ranking sixth with the highest catch since 1991(119 per tow), but 
then dropped to 57 and 59 per tow in 1997 and 1998. The PNPS survey differed from the Niantic, 
the three Narragansett Bay surveys, and the Massachusetts MDMF surveys in that catch rates 



I 
8 F.15 

increased sharply in 1992 (8 per tow) and again in 1993 (12 per tow) fiom zero in 1991; 
unfortunately program changes ended that series after 1994 (8 per tow). 

The 1992 year class, believed to have been a strong one (WSC 1996, Gibson 1998), may 
explainthe increasein abundancein the ConnecticutDEP seriesin 1994, the southernMDMF survey 
that sameyear, and the PNPS surveys, but it is not apparent in the Nianticnor the threeNarragansett 
Bay surveys. While improvementsin catch in the FUDEM and URIGSO surveyswas apparent in 
1995, the finemesh cod endsutilized in those surveyswould presumably have retained the 1992year 
dassbeginnins in 1993. An increasein catch that year was not apparent. In any event the 1992 year 
class was likely reduced by fishing mortality (Gibson 1998) and each of the survey indices remains 
at historically low levels. 

Windomane 

Annual windowpane abundance in Mount Hope Bay is highly correlated with that of winter 
flounder (r =0.949, p <0.0001,1972-1998). Annual abundance declined from ahigh of 11 per tow 
in 1979 to 0.07 per tow in 1991 and 1992 (FigureF-12, Table F-6). Abundance graduallyincreased 
fiom 1991, 1992 to 0.91 in 1996 but again declined to 0.73 in 1997 and 0.40 per tow in 1998. The 
1996 index of 0.91 per tow was the highest since 1985 when 2.0 per tow was recorded. Based on 
length-frequency data, age 2 and 3 fish predominated in the catch in 1996 (NEP et al. 1998) 
suggestingthat the 1993 and 1994 year classes were relatively strong and that these fish continued 
to contribute in declining numbers to the 1997 and 1998 catch. In spite of the subtle upward trend 
observed over the 1993 through 1997 period, windowpane abundance remains at a relatively low 
level. For example, the median delta mean observed from 1972-1985 was 4.1 fish per tow, which 
compares with a median of 0.3fish per tow over the 1986-1998 period. 

Six other New England surveystrack windowpane and are of sufficient time series length to 
permit patternsto emerge for comparisonwith Mount Hope Bay trends. These include Connecticut 
DEP, Niantic River, NarragansettBay - FUDEM and URIGSO,MassachusettsDivision of Marine 
Fisheries, and Plymouth (PNPS, ending with 1994;Figure F-13, TableF-7). The ConnecticutDEP, 
RIDEM Narragansett Bay, and URIGSONarragansett Bay series, like the Mount Hope Bay time 
series, display clear downward trends over their length . The long URIGSO seriesbegan to decline 
in 1970 although three relatively strong years did occur from 1978 to 1980. TheNianticRiver series 
differed from the Connecticut and Narragansett Bay series in that no long-term downward trend is 
apparent; rather the reverse appearstrue. Catch rates increased more or less steadilyfiom 1976 to 
1995-96. Collectionsin 1993 represented the peak over the time series with 6 fish per tow being 
taken. The MDMF survey showed peak windowpane abundance in 1982 (26 per tow) with a 
declining trend through 1991 (5 per tow). Collections reversed after that, showing a near-steady 
increasefrom 1991 through 1996 (19 per tow) with the exception of 1993 (1 4 per tow)and 1994 (1 3 
per tow). In 1997 (10 per tow) collections declined to the lowest level since 1991. The post-1991 
upward trend observed in the MDMF series is similarto that apparent in the Niantic time series. The 
PNPS seriesdeclined more or less steadilyfrom 1983 to 1991 but rebounded in 1992and 1993 before 
dropping sharply again in 1994 when the time series ended. The 1996 catch represented an increase 
over 1995 in each series except for the Niantic, but that increase did not continue into 1997. 
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Relatively strong collections in 1996 were common to all but the Niantic series but each series 
declined from 1996 through 1998, suggesting once again that region-wide signals appear to exist 
some years for some species. 

Tautog 

Tautog are closely associated with hard structure such as breakwaters, ledges, pilings, 
bulkheads, and rocky bottom where they typically remain inactive at night, often lying on their sides 
(see Bigelow and Schroeder 1953; Olla et al 1974 for example). As a consequence they are not 
readily available to bottom trawls. When relatively common in Mount Hope Bay, during 1972-1982 
for example, annual catch ratesaveragedless than two fish per haul. Abundance dropped to 0.1 fish 
per tow in 1986 and has remained at that low level ever since. In 1997, for the first time no tautog 
were collected at the fixed trawl locations (two individuals were taken that year in two randomly 
selected, deep tows). Median annual mean catch per tow amounted to 0.9 from 1972 through 1985 
dropping to 0.06 over the 1986 through 1998 period (Figure F-14, Table F-8). Tautog are 
considered to be mildly over-fished ( RIDFWER 1994, Gibson 1998), a conclusion consistent with 
the Mount Hope Bay data. 

Abundance trends for tautog are available for four of the areas discussed above for winter 
flounder and windowpane- Connecticut DEP, Niantic River, and the two Narragansett Bay surveys 
(both RIDEM and "RIGSO;Figure F-15, Table F-9). With one exception all four surveys display 
clear downward trends over time with 1994 or 1995 representing time series' low points for the 
Connecticut DEP (0.2 per tow), Niantic River (5 1 fish collected), and RIDEM (seasonal = 0.1 per 
tow, monthly = 0.3per tow) surveys. Average catch in the URIGSO series was also at a low point 
(0.1 per tow) but a total of seven years, all after 1987, had the same value including 1997. For the 
first year in the URIGSOFox Island time series no tautog were collected along that transect in 1998. 
The Niantic, while trending downward, shows a more subtle decline with several good years (1986
87, 1990-91,1995-96)interspersed. Interestingly, 1996 turned upward in all four surveys aswell as 
Mount Hope Bay, particularly so in the Niantic where a strong year class of young entered the catch 
in 1995-96 (NUSCO 1997) but this trend did not carry through into 1997 and 1998. 

Hogchoker 

The hogchoker is a small, rough-sided, right-eyed flatfish seldom found at more than 6 inches 
in length. It is most often taken in bays and estuaries and because of its small sue has no commercial 
or recreational value. Never more abundant in the Mount Hope Bay standard trawl than 2.8 per tow 
on an annual basis (1974), abundance dropped sharply following 1985, reaching record low catch 
rates for the first time in 1988 and 1989 when zero and one fish (mean = 0.014 per tow) were 
collected, respectively. Subtle increases in catch relative to that low occurred in 1995 (0.291 per 
tow), 1996 (0.450 per tow), and 1997 (0.352 per tow); 1998 showed a drop to 0.07per tow, lowest 
since 1992. Collections in 1996 represented the highest since 1985 (1.528 per tow; Figure F-14, 
Table F-10). Median annual mean catch per tow was 1.2over the 1972-1985 period comparedwith 
0.10 from 1986-1998. 

I 

1 

1 

I 

1 

I 

1 

I 




F.17 

f little commercial a recreational value, few surveys track theirSince hogchoker are 
abundanceon a regular basis. Time series are available only for Connecticut and Narragansett Bay 
(RIDEM; Figure F-16, Table F-11). They are seldom taken in Niantic River collections, were 
uncommon in lower Narragansett Bay where the URIGSO tows are made, and occur rarely north of 
Cape Cod where PNPS studies were conducted. Consjstent with the Mount Hope Bay trend, catch 
rates declined in both surveys through the 1980's. Both the Connecticut and Narragansett Bay time 
series closely paralleled Mount Hope Bay with increases in 1995 and 1996 followed by a downturn 
in 1997 and 1998. Hogchokerwere in fact absent from the two Narragansett Bay seriesin both 1997 
and 1998. The apparent regional decline in this species presents an enigma since overfishing is 
unlikely to be responsible. While some individuals are probably lost to bottom trawling, their small 
size suggests most should pass through commercial netting. 

SCUD.Butterfish. Little Skate 

Mean annual abundance for scup in Mount Hope Bay, calculated over the months of May-
October when they are present in the Bay, has varied from 0 (1988 and 1990) to 47 per tow (1976) 
with a median of all annual means of 2.3 per tow. No abrupt declines were apparent following 1985 
as with flounder, windowpane, hogchoker, and tautog, although the last relatively productive year 
was 1981 (10 fish per tow; Figure F-17, Table F-12). Annual estimates of scup abundance were 
available for comparisonfiom Connecticut P E P  and Niantic River) aswell as the two Narragansett 
Bay surveys. All four time series show scup to have beenvery abundant in 1991 (Figure F-38, Table 
F-13). At that timeMount Hope Bay collections were aboveaverage but not remarkable, suggesting 
that scup may not typically move as far up into Narragansett Bay as Mount Hope Bay. This is 
supported by impingement collections at Brayton Point where scup are uncommon (see following 
section B).Both Narragansett Bay surveys are consistent with Mount Hope Bay in that 1994 and 
1998 abundancewas low. Both the RIDEM and URIGSO survey indices showed increasing trends 
fiom 1994 through 1997 but these trends did not continue into 1998. No recent upward trend was 
apparent in Mount Hope Bay. The decline in scup abundance fiom 1991 through 1994 in both 
Narragansett Bay surveys is inconsistent with past data indicating that scup appear to increase in 
number when winter flounder stocks are low (Jefies and Terceiro 1985; Terceiro 1987; Jefies 
1994). Scup abundancein the Connecticut DEP survey in 1995 (59 per tow) and 1996 (62 per tow) 
approximatedthe median annual mean of 62 per tow for that series, but the 1997 value (41 per tow) 
dropped to its lowest value since 1988 (40 per tow). In that survey, 1998 recorded the second 
highest value of the time series (103 per tow). In the Niantic River, collections dropped sharply Erom 
the 1991 peak of 176 per tow to a time series low in 1996-1997 of 0.3 per tow but, consistent with 
the Connecticut DEP series, increased in 1997-98 to 8 per tow near the time series median of 13 per 
tow. 

Butterfish and little skate have never been particularly abundant in Mount Hope Bay trawl 
collections. Highest observed catch rates were 1.5 per tow for butterfish and 0.9 per tow for little 
skate, both in 1992. Over the 27-year time seriesbutterfish typically alternated between a near-zero 
catch year and roughly one individual per tow (FigureF-17, TableF-14). They were taken with some 
regularity in the Wilcox trawl in 1996, 1997, and 1998, primarily at the deep stations, (mean monthly 
catch per tow ranged from 0.3 to 1 .O per tow between June and October 1996,O.1 to 32 per tow 
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between May and Septemberl997, and 0.6 to 84 per tow between July and September 1998, see 
below) suggestingthat individualswere not generally available to the standardtrawl which sampled 
primarily shallow-water stationsuntil 1997.Most individualstaken in the Bay have been about 100
mm in length (seeabove), a size which is probably not hlly retained by the standard trawl mesh. In 
1998 they averaged only 59 mm in the Wilcox trawl (range= 25-160, n = 208) indicatingthat most 
were young-of-the-year. Butterfish increased in lower Narragansett Bay in recent years based on 
both IUDEM and the URIGSO time series although particularlyhigh variability is apparent (Figure 
F-19, Table F-15). The general increase is coincident with the decline in winter flounder stocks as 
suggested by Jeffiies (1994). A similar pattern has not appeared in Mount Hope Bay however, 
suggestingthey may be under-sampled there by the standard trawl or perhapsthat butterfish do not 
frequent the shallow waters that far up the Bay. Annual estimates ofbutterfish abundance in 
Connecticut,both DEP andNiantic, showgreater abundanceafter 1987than beforewith wide swings 
in number fiom one year to the next, consistent with the lower Narragansett Bay time series. In the 
Niantic series,, 1997-98 was the second consecutiveyear with no butterfish being found. 

Little skate have generated interest over the past decade because surveys have shown 
increasesin abundanceof cartilaginousfishesas numbersofprincipal demersal speciessuch aswinter 
flounder, yellowtail flounder, cod, and haddock have declined (see for example NOAA 1992 a,b; 
1995). In Mount Hope Bay little skate, like butterfish, have always been taken in low numbers, 
averagingwell under one individualper tow except for 1992 when 0.9 per tow was recorded (Figure 
F-20, Table F-16). In spite of continuing catch rates below one fish per tow, an increasingtrend is 
apparent in the skate time series for 1972-1997based on a sign test 0,= 0.046, Sprent 1989). 1998 
represented a reversal of that trend, the mean of 0.04per tow being the lowest since 1981. A weak 
upward trend is also apparent in the Niantic River (sign test p = 0.055) with a stronger one in the 
URIGSO time series(p = 0.004). No trend was apparent in the ConnecticutDEP or RIDEM series 
(Figure F-21, Table F-17). 

Other SDecies 

Table F-18 facilitates a general review of the otter trawl catch among years for all other 
speciescollected. Annual arithmeticmean catch per tow is shownby specieson a calendaryear basis 
for 1972 through 1998. Means includeonly the first tow in caseswhere replicateswere taken (1972-
January 1979). From 1979 to 1985 when eight transects were sampled, the threminute Discharge 
tow, oriented perpendicular to the plume at that time, was excluded since all other tows were 15 
minutes long. For 1998, the first year in which ten stationswere sampled,bay-wide meansare shown 
for the original six, fixed stations and for ten stations. 

A lumpfish was collected for the first time in 1998. It was taken along one of the randomly 
selected deep-water transects in March, which suggests they occur in Mount Hope Bay but remain 
in the deeper waters of the lower Bay where sampling had not previously been conducted. Larval 
lumpfish do not appear on the ichthyoplankton species list for Mount Hope Bay (NEP and MRI 
1994) but they appear nearly every year on the impinged finfish list (see Revolving Screen section). 
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The only noteworthy observations in 1998 involved the spotted hake (Urophycis regia), 
weakfish (Cposcion regalis), and summer flounder (Pardichthys dentatus). Spotted hake and 
summer flounder were relatively abundant in the 1998 collections. Spotted hake were taken at a 
mean density of 0.11 over the six fixed stations compared with a time series mean of 0.01 per tow, 
and summer flounder were taken at a mean density of 0.13 over the six fixed stations comparedwith 
a time series mean of 0.07per tow. Weakfish,which were relatively abundant in 1996 (annual mean 
= 1.8per tow) after being completely absent for six years, were again collected in 1997, albeit in low 
numbers (mean4.7 per tow). The increase was short lived however asweakiish were absent fiom 
the six fixed stations in 1998 although a single individual was taken along one of the randomly 
selected locations. 

b e g a t e  Resource Abundance 

Aggregate resource abundance in the Mount Hope Bay standard trawl has been compared 
with that fromNarragansett Bay asmeasuredby the RIDEM (seasonal time series) and the URIGSO 
trawl (Figure F-22, TableF-19, Gibson, 1996). Squid were included with the RIDEM and URIGSO 
trawl series since they canbe an important componentof the pelagic community, conservingbiomass 
when fish stocks decline. Squid however, are relatively uncommon in Mount Hope Bay trawl 
collections and were not included. TheMount HopeBay seriesvaried without any particular overall 
trend fiom 1972 through 1983 (range = 24 to 106 fish per tow), at which point it began to decline, 
reaching a low of 1.5 fish per tow in 1988. In contrast, the two Narragansett Bay series did not drop 
as flounder, windowpane and other bottom species declined (see above) but continued to vary 
without trend. These data suggested that shifts in biomass occurred in lower Narragansett Bay while 
in Mount Hope Bay either biomass was lost or a shiftoccurred to species not adequately sampled in 
the Bay by the standard trawl. These observations were motivation for initiating sampling with the 
fine-mesh Wilcox trawl throughout the Bay. From 1994 to 1996 the Mount Hope Bay values for 
the standard trawl gradually increased (2.4 to 5.9 per tow), a trend which then reversed dropping to 
4.2 per tow in 1997 and 2.4 per tow in 1998. A decline from 1997 to 1998 was also observed over 
all stations sampled with the standard trawl beginning in March 1997 (5.5 to 4.6 per tow, 
respectively). While the standard trawl aggregate catch declined after 1996, the fine-mesh trawl 
catch in the third year ofyear- round and bay-wide sampling did the reverse, increasing from 19.5 in 
19%to 22.3in 1997 and 35.2fish per tow in 1998. RIDEM values also declined recently from 2332 
individuals per tow in 1995 to 1272 in 1996,1156 in 1997, and 1075 in 1998.The URIGSO data also 
display a similar downward trend beginning in 1994 (1385 per tow), dropping to 336 per tow in 
1996. The 1997 value increased slightly to 360 per tow but 1998 followed with 344 per tow. These 
data suggest that the upper estuary may not always vary in concert with the lower Bay and nearby 
coastal waters although in the most recent four or five years all but the Wilcox series have declined. 

To examine the distribution of species and species abundancein the standard trawl, one type 
of dominance diversity index was examined (Whittaker 1965, Gibson 1996). The index simply 
consists of the slope of the linear relationship between annual abundance expressed on a natural 
logrithmic scale and species rank. Steep slopes are less desirable in a community since they indicate 
that individuals are concentrated in a relatively small number of species. Gibson (1996) demonstrated 
that the time series of annual slopes for the Mount Hope Bay standard trawl declined over the 1972 
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through 1 95 time series. Figure F-23 ani Table 20 present dominance diversity values for the 
standard trawl updated through the 1998 season. Interestingly, the values for 1996 (-0.158) and 1998 
(-0.159) not only reversed the trend apparent over the time series but represented the lowest slope 
(best indices) yet observed. The value for 1997 (-0.248) was about average for the time series (
0.241). The high 1996 and 1998 values can be attributed to the relatively high number of species 
obtained (27 and 3 1 versus the average of 25, see above) combined with a catch where numerical 
dominance was distributed over several species. For example, eight species accounted for 82% of 
the annual total in 1996, and eight species accounted for 77%of the annual total in 1998, while in 
1995 five species represented 85% of the catch. With the relatively low diversity values obtained in 
1996 and 1998 the time series no longer displays a statisticallysignificant downward slope at the 95% 
probability level (p = 0.074) and suggests that the fish populations in Mount Hope Bay may be 
improving in terms of ecological balance in spite of the continued low abundance of the principal 
bottom-fishes such as flounder and windowpane. 

Wilcox Trawl - Stratified Random Tows 

A total of 39 species were collected with the Wilcox trawl in 1998, the third complete year 
in which the finer mesh net was used throughout the Bay and throughout the year (Tables F-21 and 
F-22). Numerical dominants included bay anchovy, winter flounder, butterfish, scup, alewife and 
Atlantic silverside (Menidiumenidia). Combined, these six species accounted for 83%of the year’s 
catch (Figure F-6). Differences in net design, particularly mesh size, aswell as the greater number 
of tows completed with the Wilcox trawl (total = 138 vs 119 in 1998) likely contributed to the 
observed differences in species composition when compared with the standard net. For example, 
retention of smaller individuals as well as fisiform species in the her-mesh net is apparent in the 
presence of individuals of the blackspotted stickleback (Gasterosteus wheutlandi), and northern 
pipefish (Spgnathsfiscus), species which were absent from the standard net catch. 

Winter flounder were present in each month’s collections with stratified mean number per 
tow ranging fiom 1.2 in January to 29.3 in May, with 8.8 per tow for the year (Figure F-24, Table 
F-23). The peak catch in May was consistent with the historical pattern mentioned above for the 
standard trawl. With the exception of January and July, flounder were taken in greater numbers at 
the deep-water stations, collections in September showing the extreme with a deep to shallow ratio 
of 6.2 tol(Figure F-25). Among the two exceptions, in January and July the shallow tows exceeded 
the deep by margins of 1.3 and 2.8, respectively. With the exception of the July catch, these results 
are consistent with the 1996 and 1997 data (NEP et al 1998) and with flounder life history 
information in general. As the Bay warms in late spring and early summer, winter flounder move 
from warm, shallow waters to deeper, cooler water (Lobell 1939; Perlmutter 1947; Bigelow and 
Schroeder 1953; Howe and Coates 1975)..The majority of flounder taken in May (82%) were age 
1 fish ranging in length from 82 to 180mm TL.Pearcy (1962) also reported that as flounderreach 
age 1 and older they appear to become more photonegative, suggesting that fish might congregate 
in deeper, darker channel areas as they enter their second year. The reversal in depth distribution 
amongflounder in July wasattributable to a single large haul of 80 flounder in a shallowtow and was 
inconsistent with typical results. Bottom water at hydrographic Station C for the month of July 1998 
averaged only 20.3 C, the third coolest observed dating back to 1972 (see hydrographic section). 
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Perhaps winter flounder remained over shoaler waters later into the summer in response to those 
cooler temperatures. 

Length-frequency data for winter floundertaken by the Wilcox trawl appear in Figure F-8. 
Since age 0, young-of-the-year flounder have begun to appear in the June catch in past years (fish 
ranging from 32 to 60 mm TL at that time), and the majority of the year’s catch is taken beforeJune, 
lengthswere tabulatedfor January-Mayseparatelyfrom JunethroughDecember. The predominance 
of age 1 individuals, those 150 mm and less in total length, is readily apparent in the January-May 
Wilcox trawl particularly compared to the standard trawl. They accounted for 38% of the catch in 
the winter-spring standard trawl, 72%in the Wilcox trawl (Figure F-8). These fish also accounted 
for the majority of flounder later in the season aswell. 

Collectionsof winter flounder, windowpane, and all fish were compared over the course of 
the 1996 through 1998 sampling periods, the three complete years with stratified random stations 
sampled monthly throughout the Bay by Wilcox trawl (FigureF-26). On an annual basis the 1997 
catch for flounderexceeded both 1996 and 1998 (stratified means =9.3 vs 6.6 and 8.8, respectively; 
Table F-23). Windowpane were most abundant in the 1996 catch (annual stratified mean = 3.0 per 
tow) declining in both 1997 (1.5 per tow),and again in 1998 ( 0.3 per tow). Windowpane were 
particularly abundant in the fall of 1996 (Figure F-28). Total fish reversed the windowpanepattern 
increasing each of the three years fiom19.5 fish per tow in 1996 to 22.3 per tow in 1997, and 35.2 
in 1998 (Table F-24). In 1997 and 1998 winter flounder were clearly more abundant in the catch 
during the early half of the year, particularly in May, when compared with 1996 but the reverse 
proved true during the second half of the year. 

The fine-mesh Wdcox trawl was first used in Mount Hope Bay in 1993 (Table F-1). During 
that year, and during the subsequent two years, Wilcox tows were completed only during the 
February-through-Mayperiod to focuson small winter flounder. Tows were also restricted to upper 
Mount Hope Bay, the approachto the Taunton River, and the lower Taunton River itself (Figure F
2). Tows in or near the area covered during 1993-1995 were selected from the 1996 through 1998 
data sets to allow six late-winter, early-spring seasons to be compared. Seasonal delta mean catch 
per tow was calculatedfor winter flounder and all fish combined(FigureF-27, TableF-25,26). Since 
the number of tows completed during each season was not large, confidencelimits for the most part 
are wide. Bearing that in mind, winter flounder catch rates declined steadily from 1993 (49.1 per 
tow) through 1996 (4.2 per tow) with 1997 (12.2 per tow) and 1998 (12.7 per tow) showing a 
reversal of that trend. The high catch in 1993 reflected the strong 1992 year class which appeared 
asage 1 fish at that time. The subsequent decline likely reflected natural and fishing mortalitywithin 
that year classto somedegree. Aggregatevalues reflect the winter flounderpattern to a large extent 
since they typically contribute a high percentage of the catch during the February-May period ( for 
example 64% in 1996, 63% in 1997 ). Mean catch per tow declined from 1993 (67.4 per tow) 
through 1996 (8.4 per tow) then increased in 1997 (23.0per tow) and 1998 (45.6 per tow). 

Since 1996, 1997, and 1998 were the first years that trawling was completed throughout the 
Bay, collectionswere compared between the upper and lower Bay with latitude 41.40.00serving as 
a convenient dividing line between the two segments. That line extended from Mount Hope Point 
on the western shorelineto North Tiverton on the eastern side (FigureF-28). Sincethe lower Bay 
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by that definition only contains three shallow transects, comparisons were restricted to deep-water 

stations; data were limited since only four to six deep-water tows are completed each month. Figure 

F-29 showsmean catch per tow by month for the two Bay segmentsfor all species combined and for 

winter flounder alone. Comparisonsare coarse at best since in some cases data points are based on 

as little as three tows within the month even with three years combined (i.e., upper Bay in April and 

October). 


With all species pooled together, the upper Bay produced more fish per tow than the lower 

during 8 of the 12 months, particularly during June through September when anchovy, butterfish, 

silversides, weakfish, and windowpane were common. For the three-year period as a whole, an 

average of 48 fish per tow were collected in the upper Bay while 29 per tow were collected in the 

lower Bay. For winter flounder alone the upper Bay led the lower Bay during 4 of the 12 months 

with an overall average of 10 fish per tow in the upper Bay compared to 14 per tow in the lower. 

While conclusions are limited by the number of tows, these data suggest that fish in general utilize 

deep-water habitat in both the upper and lower Bay. Winter flounder preferring cooler water during 

summer clearly will find more deep water habitat in the lower bay. Duringthe summer months other 

fish were comparatively abundant in the upper Bay, primarily utilizing deeper water at that time. 


RIDEM personnel, as part of their monthly Narragansett Bay survey, cover two transects in 

Mount Hope Bay, onejust south of Spar Island in water less than20-ft deep (Station 26) and onejust 

north of the Mount Hope Bridge in water greater than 20-ft deep (Station 25; see for exampleLynch 

1998). Winter flounder and all fish collections from the year-round 1996 through 1998 Wilcox trawl 

were compared with the RIDEM trawl to see if collections were similar since while both nets have 

fine-mesh cod end liners they differ considerably in design (Table F-27). Since the Wilcox transects 

are randomly selected each month, it proved quite arbitrary to match Wilcox locations with RIDEM 

Stations25 and 26. As an alternative, lUDEM Station25 was compared with the mean catch per tow 

over the four deep Wilcox locations and RIDEM Station 26 was compared with the mean catch per 

tow over the six shallow locations. Numbers of winter flounder per tow were standardized to 

number per hectare of bottom sweep since nets and tow durations differed. Net spread was 

calculated following Fridman (1981) and Gomez and Jimenez (1994) and is recognized to vary 

considerablywith such things asbottom type, bottom currents, warp length, amount of fish and algae 

in the net and tow speed (see for example Gunderson(1 993). Since nets contributingto regression 

equations developed by Gomez and Jimenezwere all larger then either the Wilcox or RIDEM trawls, 

wing spread was estimated at 50% of headline length for both nets. 


Winter flounder density values fiom the two surveys in 1996 tracked each other quite well 

at the deep stations with no suggestion that one survey consistently sampled more flounder then the 

other (Figure F-30, Table F-28). Along shallow-water transects (Figure F-3 1) collectionswere also 

similar until July when the Wilcox tows consistently produced more flounder than the RIDEM tows. 

In 1997 and 1998 flounder collectionswere again similar between nets at the deep stations although 

in 1998 there were three divergences, May, August, and September. The Wilcox net catch was 

consistently higher along the shallow tows both years (Figure F-31, Table F-28). Examining 

aggregate fish catch fiom 1996 indicated that the deep-water tows produced similar numbersof fish 

with both nets until June when they diverged, the RIDEM tows consistentlyyielding more individuals 

from July through December (Figure F-32). In 1997 the difference in deep water was consistent over 
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the entireyear with the RIDEM deep tow producing more fish then the Wilcox deeptows. 1998was 
Similar to 1996 with catch being comparable between nets until summer when the RIDEM net 
surpassed the Wilcox catch. Differenceswere less consistent at the shallow stations (Figure F-33) 
although the RIDEM net at times collected as much as 330 times more fish then the Wilcox net 
(September 1996). In both 1997and 1998 shallow collections were comparable until August and 
Septemberor October when the RIDEM net catch exceeded the Wilcox catch. Results suggestthat 
the Wilcox and RIDEM nets collect comparablenumbers of flounder with some suggestionthat the 
Wilcox net collects somewhat more at shallow locations assuming that RIDEM Station 26 is 
comparable to other shallow locations in Mount Hope Bay. Pooling all species suggested the 
RIDEM gear collects more fish. Some of their larger collectionsconsisted of small pelagic species 
such asAtlanticherring,butterfish, and anchovy(Anchmspp.). Large collectionsoftheseindividuals 
likely reflect that the RIDEM net is a “high rise” net. While the vertical opening of the Wilcox net 
is estimated to be 3 to 4 feet high, flume studies of the RIDEM net indicatethat it rises 8 to 10 feet 
from footropeto headrope (Tim Lynch, RIDEM, personal communication, September 1997). The 
high-rise design of the RIDEM net may result in it occasionally lifting offbottom during the course 
of some tows particularly when filled with large numbers of pelagic species. At these times it would 
be less likely to capture winter flounder. 

Similar results were obtained when comparing the catch from the RIDEM trawl and the 
Wilcoxtrawl along the WarrenRiver and Ohio Ledgetransects(mean catch per hectare over the two 
tows, July - December 1997,January - December 1998Figures F-34 and 35, Table F-29). The 
Wilcox trawl often collected greater numbers of winter flounder while the lUDEM gear clearly 
collected more total fish. The large RIDEM collectionsin August 1997 (mean = 346per hectare), 
September 1997(3,310 per hectare) aswell asJune, September, and October 1998(558,1464,1097 
per hectare, respectively) which compared with mean Wilcox collectionsof 106,80,76,66,and 34 
per hectare, respectively, consisted of large numbers of bay anchovy, butterfish, and silversides. 
Anchovies(peak= 13 in September 1997),butterfish (peak =42in September 1997)and silversides 
(peak = 16per hectare in November 1998)were represented in the Wilcox catch but in much lower 
numbers. These species probably occupy waters near but above bottom where they are taken more 
often by the RIDEM high rise net but not by the Wilcox net. 

RIDEM began their monthly Narragansett Bay survey in 1990which includestwo stations 
(25,26)in Mount Hope Bay as mentioned above. Mean number of fish per tow and mean number 
of winter flounder per tow were calculated for those two stationsto see if trends determined in that 
program match trends with the standard trawl over the same period (Figure F-36,Table F-31). 
Stratified means for the Wilcox trawl were included although only the most recent three years are 
available. In general values for total fish parallel each other between sampling programs, 1990and 
1994were low values in both surveys; 1991 and 1992were relatively high in both surveys. Some 
divergenceappeared in 1998 in that the RIDEM and Wilcox values increased relative to 1997while 
the standardtrawl declined. Overall the two programs were well correlatedwith untransformed data 
(r = 0.719,p= 0.029).Data for winter flounder alone also tracked well between surveys. Both 
surveystrended downward from 1990to 1992and again from 1995 to 1998. Abundance estimates 
were highly correlated (r = 0.768,p = 0.016;loge transformed data). 
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Mount Hope Bay Standard Trawl 
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Figure. F-5.	Relationshipbetween number of standard trawl tows and number of 
species collected annually in Mount HopeBay, 1992-1998. 1 
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Mount Hope Bay Standard Trawl 
January-December 1998 
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Figure F-6. Percent contribution by species for fish taken by standard (upper) and 
Fine-mesh Wilcox trawl, January-December 1998. 
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Standard Trawl - MHB - 1998 
Shallow vs Deep Stations 
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FigureF-7.Mean number ofWinter flounder(upper) and all fish taken per tow by the 1
standardtrawl inMount Hope Bay by depth strata, 1998. 
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Figure F-9. Meanmonthly catch per standard otter trawl tow for winter flounder 
during 1998. Median monthly catch per towfor 1972-1997 is shown 
for comparison. 
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Winter Flounder - Otter Trawl 
Annual Delta Means and 95% Confidence Limits 
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Figure F-10. 	Annual delta meanswith confidence limits for winter flounder collected 
by standard trawl in Mount HopeBay, 1972-1998 (top) and 1987-1998. 
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Figure F-11. Annual abundance trends for winter flounder in 
six New England surveys. See text for details. 
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Windowpane - Otter Trawl 
Annual Delta Means and 95% Confidence Limits 
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Figure F-12. Annual delta meanswith confidencelimits for windowpane collectedby 

standard trawl in Mount Hope Bay, 1972-1998 (top) and 1987-1998. 
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Figure F-13. 	Annual abundance trends tor windowpane in SIX 
New England surveys. See text for details. 
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Figure F-13 (continued). 
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Tautog - Otter Trawl 

Annual Delta Means and 95% Confidence Limits 
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Figure F-14. 	Annual delta meanswith confidence limits for tautog (top) and 
hogchoker collectedby standard trawl in Mount HopeBay, 1972-1998. 
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Figure F-16. 	Annual abundancetrends for hogchoker in two New England surveys. 
See text for details. 
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Figure F-17. 	Annual delta meanswith confidence limits for scup (top) and butterfish 
collected by standard trawl in Mount Hope Bay, 1972-1998. 
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Little Skate - Otter Trawl 
Annual Delta Means and 95% Confidence Limits 
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Figure F-20. Annual delta means with confidence limits for little skate collectedby 
standard trawl in Mount Hope Bay, 1972-1998. 
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Figure F-22. Aggregate resou~ceabundancefrom three trawl surveys -Mount Hope 
Bay standard trawl, RLDEM Narragansett Bay trawl, and URIGSO trawl, 
1972-1998. Adapted from Gibson (1996). 
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Figure F-23. Dominance diversity values for Mount HopeBay standard trawl, 1972
1998. 
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Fig. F-24.Stratified monthly means for winter flounder 

collected with the fine-mesh Wiicox trawl, 1998. 
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Figure F-25.Mean number of winter flounder(mid) and I 
all fish per tow by depth strata collectedwith 
the fine-mesh trawl inMount HopeBay, 1998. I 
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Fine-Mesh Trawl -MHB - 1996-1998 
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FigureF-26.Stratiiied mean numbersof winter 
flounder, windowpane, and all fish, fine-
mesh trawl, 1996-1998. 
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Figure F-27. Seasonai delta mean number of winter flounder (top) and all fish taken 
by fine-mesh trawl in upper Mount HopeBay, February-May 1993-1998. 
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Figure F-28.Location of latitude 41'40' line used to divide Mount Hope Bay into upper 
and lower halves. 
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Figure F-3 1. Comparison of estimated number of winter 

flounder per hectare along shallow-water transects based 

on fine-mesh Wilcox and RIDEM trawls sampled in 

Mount Hope Bay, 1996-1998. 
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Figure F-32. Comparison of estimated number of winter 
flounder per hectare along deep-water transects based on 
fine-mesh Wilcox and RIDEM trawls sampled in Mount 
Hope Bay, 1996-199s. 
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Figure F-33. Comparison of estimated number of all 

fis?; per hectare along shallow-watertransects based on 

fine-mesh Wilcox and RIDEM trawls sampled in 

Mount Hope Bay, 1996-1998. 
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Figure F-34. Comparison of estimated average number of winter flounder per 
hectare along Warren River and OhioLedge transects inNarragansett Bay 
based on fine-meshWilcox and RIDEM trawls, 1997 and 1998. 
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Figure F-36.Comparison of annual log mean catch per tow for winter flounder (top) 
and all fish between the standard trawl, the Wilcox trawl, and RIDEM'S 
trawl towed in Mount Hope Bay, 1990-1998. 
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Table F-4. 	Annual abundance and variation parameters for winter flounder collected under the Mount HopeBay 
standard trawl program based on the delta distribution 1972-1998. 

Coefficient 95% 
No.of Delta Standard Proportion of variation Confidence 

Year tows mean VariXlCe deviation of zeros of mean limits 

1972 95 43.65 112.17 10.59 0.16 0.243 fi1.18 

1973 103 60.37 157.34 12.54 0.08 0.208 h25.08 

1974 120 36.24 40.73 6.38 0.08 0.176 *12.76 

1975 120 18.89 12.38 3.52 0.17 0.186 i7.04 

1976 120 10.60 3.53 1.88 0.15 0.177 S . 7 6  

1977 100 16.46 15.41 3.93 0.21 0.239 i7.86 

1978 120 48.56 75.34 8.68 0.04 0.179 Et17.36 

1979 120 78.02 328.00 18.11 0.08 0.232 S6.22 

1980 84 15.75 10.89 3.30 0.18 0.210 4~6.60 

1981 84 19.35 14.38 3.79 0.17 0.196 *7.58 

1982 84 49.97 152.64 12.35 0.16 0.247 i24.70 

1983 84 43.01 33.88 5.82 0.00 0.135 i l  1.64 

1984 82 17.93 10.19 3.19 0.02 0.178 6 . 3 8  

1985 81 14.97 7.17 2.68 0.06 0.179 i5.36 

1986 70 5.816 1.31 1.14 0.3 1 0.196 i2.28 

1987 72 2.089 0.16 0.40 0.49 0.191 M.80 

1988 70 0.730 0.04 0.2 1 0.71 0.288 M.42 

1989 72 0.366 0.0 1 0.10 0.79 0.273 M.20 

1990 66 0.966 0.10 0.32 0.77 0.33 1 M.64 

1991 71 0.569 0.03 0.16 0.76 0.281 M.32 

1992 69 0.486 0.02 0.13 0.77 0.267 10.26 

1993 69 0.992 0.03 0.16 0.48 0.161 M.32 

, 1994 63 0.441 0.02 0.13 0.79 0.304 M.27 

1995 69 0.905 0.04 0.2 1 0.64 0.230 M.42 

1996 72 0.612 0.02 0.15 0.72 0.247 M.30 

1997 63 0.904 0.04 0.21 0.71 0.228 M.41 

1998 71 0.534 0.02 0.13 0.72 0.237 M.25 

Note:In 1997 and 1998when the standard trawl was towed bay-wide, Uie mean shown is based on the six fixed stations 
to be consistent with past years. 
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Table F-5.Abundance indices for several New Endand winter flounder mms. 
Millstone MDMF MDMF 

Connecticut 
DEP' 

Niantic 
Rive? 

FUDFWERNarr.Bay 
3 4 

URIGSO 
Narr. Bag  

Southern 
Stock6 

Northern 
Stock6 

PNPS 
Plvmouth' MHB' 

1967 195 

1968 169 

1%9 230 

1970 % 

1971 78 

1972 24 75 44 

1973 43 81 60 

1974 45 65 36 

1975 38 44 19 

1976 48 19 36 11 

1977 29 43 50 16 

1978 31 36 88 18 18 49 

1979 42 139 284 18 15 78 

1980 42 57 202 15 17 16 

1981 51 79 120 16 28 19 

1982 48 35 107 15 15 16 50 

1983 31 52 174 19 29 26 43 

1984 111 18 39 63 15 16 13 18 

1985 68 17 44 28 12 13 7 15 

1986 62 12 52 24 10 15 4 6 

1987 68 17 55 66 10 18 6 2 

1988 101 18 26 50 6 11 5 0.7 

1989 135 13 14 30 8 13 3 0.4 

1990 170 11 16 20 17 5 13 1 1 

1991 119 16 19 18 15 3 12 0 0.6 

1992 54 8 6 13 8 8 14 8 0.5 

1993 53 3 7 14 10 8 12 12 1 

1994 74 6 6 9 5 13 10 8 0.4 
-1995 48 3 15 17 37 7 15 0.9 
-1996 93 2 10 11 17 10 13 0.6 
-1997 57 2 8 10 18 10 15 0.9 

2 

'Geometric mean number per trawl tow, April-June. 5Annualgeometric mean number per tow, Fox Island tow. 

2Annualdelta mean number per tow, fish > 150 mm. 6Stratified mean catch (kg) per tow, spring survey. 

%lean number per tow, spring and fall surveys. 'Mean catch per tow, Warren Cove. 

%ithmetic mean number Der tow based on monthlv survev. 'Annual delta mean number Der tow, 

Note: In 1997 and 1998 when the standard trawl was towed bay-wide, the mean shown is based on the six fixed stations to be 

consistent with past years. Due to differences in gear and methodology, trendsshould be viewed within columns only. 
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Table F-6. 	 Annual abundance and variation parameters for windowpane collected under the Mount HopeBay 
standard trawl program based on the delta distribution 1972-1998. 

Coefficient 95% 

Y W  
No.of 
tows 

Delta 
mean Variance 

Standard 
deviation 

Proportion 
of zeros 

of variation 
of mean 

Confidence 
limits 

1972 95 7.12 2.126 1.46 0.44 0.205 k2.92 

1973 103 7.14 1.767 1.33 0.29 0.186 *2.66 

1974 120 6.92 1.605 1.27 0.24 0.183 i2.54 

1975 120 4.37 0.747 0.86 0.38 0.198 k1.72 

1976 120 1.55 0.087 0.29 0.54 0.190 M.58 

1977 100 1.85 0.128 0.36 0.47 0.193 M.72 

1978 120 9.36 4.027 2.01 0.29 0.214 k4.02 

1979 120 11.09 5.012 2.24 0.24 0.202 *4.48 

1980 84 3.721 0.534 0.73 0.38 0.196 *1.46 

1981 84 3.292 0.615 0.78 0.51 0.238 k1.56 

1982 84 6.146 1.782 1.33 0.38 0.217 k2.66 

1983 84 3.428 0.359 0.60 0.37 0.175 *1.20 

1984 82 1.834 0.117 0.34 0.51 0.187 M.68 

1985 81 2.038 0.216 0.47 0.52 0.228 M.94 

1986 70 0.732 0.028 0.17 0.71 0.230 a 3 4  

1987 72 0.374 0.008 0.09 0.76 0.237 M.18 

1988 70 0.387 0.010 0.10 0.76 0.256 M.20 

1989 72 0.098 0.002 0.04 0.92 0.408 M.08 

1990 66 0.233 0.009 0.09 0.88 0.397 M. 18 

1991 71 0.070 0.001 0.04 0.94 0.511 M.08 

1992 69 0.072 0.001 0.03 0.93 0.436 M.06 

1993 69 0.246 0.004 0.06 0.78 0.241 M.12 

1994 63 0.254 0.006 0.08 0.83 0.296 M.15 

, 1995 69 0.268 0.006 0.08 0.80 0.283 rK). 15 

1996 72 0.913 0.102 0.32 0.76 0.350 M.64 

1997 63 0.734 0.024 0.15 0.64 0.210 M.3 1 

1998 71 0.399 0.016 0.13 0.80 0.320 M.26 

Note:In 1997 and 1998 when the standard trawl was towed bay-wide, the mean shown is based on the six fixed stations to be 
consistent with past years. 
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Table F-7. Abundance indices for several New England surveys - windowpane. 

Millstone 
Connecticut Niantic 

DEP' Rive? 
1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 1.7 

1977 1.8 

1978 0.9 

1979 1.8 

1980 1.6 

1981 1.5 

1982 2.2 

1983 3.O 
1984 172 2.4 
1985 119 2.5 
1986 68 3.O 
1987 40 4.3 
1988 66 3.6 
1989 102 4.9 
1990 40 3.3 
1991 31 2.4 
1992 13 3.7 
1993 25 6.0 
1994 24 3.4 
1995 11 3.4 
1996 37 3.O 
1997 30 1.8 
1998 24 

RIDFWER Narr.Bay URIGSO PNPS 
3 ' Narr.Ba$ hDMF3 Plvmouth6 MHB' 

18 
21 
22 
14 
16 
17 7.1 
16 7.1 
13 6.9 
7.5 4.4 
6.4 1.6 

10 1.9 
18 18.4 9.4 

35 24 19.3 11.1 
23 16 17.9 3.7 
24 10 22.3 3.3 
12 5.9 25.9 4.3 6.1 
15 9.2 14.0 6.8 3.4 
4.7 2.5 8.4 5.6 1.8 
5.6 1.7 9.8 5.7 2.0 

10 2.1 15.4 5.9 0.7 
21 9.1 9.3 4.2 0.4 
6.4 4.9 6.3 1.o 0.4 
2.6 1.4 13.6 0.4 0.1 
3.1 4.2 0.8 9.7 0.9 0.2 
2.4 3.O 0.5 5.3 0 0.1 
1.8 2.6 0.4 17.7 6.5 0.1 
0.8 1.3 0.7 13.8 11.0 0.2 
0.9 2.0 0.5 12.9 3.0 0.3 
1.8 2.9 2.4 22.0 - 0.3 

12 7.1 3.5 19.4 - 0.9 
1.4 3.0 2.5 9.5 - 0.7 
0.8 1.o 1.7 - 0.4 

'Geometric mean number per trawl tow, April-June. 

Qelta mean catch, June-May. 

'Mean number per tow, spring and fall surveys. 

'Arithmetic mean number per tow based on monthly sampling program. 

'Geometric mean number per tow. 

6Meancatch per tow, Warren Cove. 

'Annual delta mean number per tow. 


NOTE: Due to differences in gear and methodology, trends should be viewed within columns only. 
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Table F-8. 	 Annual abundance and variation parameters for tautog collected under the Mount HopeBay 
standard trawl program based on the delta distribution 1972-1998. 

coefficient 95% 

Year 
No.of 
tows 

Delta 
mean Variance 

Standard 
deviation 

Proportion 
of zeros 

of variation 
of mean 

Confidence 
limits 

1972 95 0.856 0.03 0.18 0.67 0.2 1 M.36 

1973 103 0.776 0.03 0.17 0.66 0.22 M.34 

1974 120 0.835 0.03 0.16 0.66 0.19 M.32 

1975 120 1.037 0:03 0.19 0.60 0.18 M.38 

1976 120 0.991 0.04 0.20 0.67 0.20 M.40 

1977 100 1.038 0.05 0.22 0.67 0.21 M.44 

1978 120 1.396 0.10 0.32 0.63 0.23 M.64 

1979 120 0.958 0.05 0.22 0.73 0.23 M.44 

1980 84 0.596 0.02 0.13 0.70 0.22 M.26 

1981 84 0.929 0.04 0.21 0.65 0.23 M.42 

1982 84 1.196 0.09 0.29 0.71 0.24 M.58 

1983 84 0.720 0.03 0.16 0.77 0.22 M.32 

1984 82 0.620 0.02 0.14 0.7 1 0.23 M.28 

1985 81 0.885 0.04 0.20 0.68 0.23 10.40 

1986 70 0.070 0.00 0.04 0.96 0.57 M.08 

1987 72 0.055 0.00 0.03 0.96 0.55 M.06 

1988 70 0.070 0.00 0.04 0.96 0.57 S . 0 8  

1989 72 0.055 0.00 0.03 0.96 0.55 M.06 

1990 66 0.061 0.00 0.03 0.94 0.49 M.06 

1991 71 0.028 0.02 0.02 0.97 0.71 M.04 

1992 69 0.058 0.00 0.03 0.96 0.52 M.06 

1993 69 0.194 0.0 1 0.09 0.91 0.46 M.18 
I1994 63 0.016 1 I 0.98 I 

1995 69 0.015 1 I 0.99 I 

19% 12 0.125 0.004 0.06 0.93 0.48 M.12 

1997 63 0 0 0 1.oo 0 0 

1998 71 0.113 0.001 0.04 0.89 0.34 M.08 

I 

'Only one fish taken. 

I 

i 

1 

d 

1 

d 
1 
J 
9 

Note:In 1997 and 1998 when the standard trawl was towed bay-wide, the mean shown is based on the six fixed stations 
to be consistentwithpast years. 
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Table F-9. Abundance indices for several New England surveys - tautog. 

Millstone 
Connecticut Niantic RIDEWER Narr.Bay URIGSO 

DEP' Rive? 3 4 Narr. B a g  MHB6 
1967 1.o 
1968 2.7 
1969 3.2 
1970 6.3 
1971 3.3 
1972 2.5 0.9 
1973 3.2 0.8 
1974 2.5 0.8 
1975 3.1 1.o 
1976 173 4.1 1.o 
1977 192 1.5 1.o 
1978 175 1.o 1.4 
1979 170 3.9 1.1 1.o 
1980 94 3.1 0.4 0.6 
1981 176 0.8 0.5 0.9 
1982 177 0.3 0.9 1.2 
1983 75 0.8 1.4 0.7 
1984 2.8 72 2.8 1.5 0.6 
1985 1.5 100 1.3 0.4 0.9 
1986 1.5 190 2.7 0.3 0.1 
1987 0.7 62 2.4 0.2 0.1 
1988 0.7 135 1.1 0.1 0.1 
1989 1.1 66 0.9 0.4 0.1 
1990 1.o 161 0.4 0.8 0.1 0.1 
1991 0.9 100 1.3 0.8 0.1 0.03 
1992 0.8 124 0.2 0.6 0.1 0.1 
1993 0.4 87 0.7 0.5 0.2 0.2 
1994 0.4 51 0.1 0.3 0.1 0.02 
1995 0.2 230 0.2 0.3 0.1 0.02 
1996 0.5 106 0.6 0.3 0.2 0.1 
1997 0.4 96 0.1 0.4 0.1 0 
1998 0.4 0.2 0.2 0 0.1 

'Geometric mean number per trawl tow, April-June. 

2Totalnumber taken at three stations in approximately 234 trawls, June-May. 

'Mean number per tow, spring and fali surveys. 

'Arithmetic mean number per tow based on monthly survey. 

'Geometric mean number per tow, May-November. 

6Annualdelta mean number per tow. 


NOTE: Due to differences in gear and methodology, trends should be viewed within columns only. 
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Table F-10.	Annual abundance and variation parameters for hogchoker collected under the Mount HopeBay 
standard trawl program based on the delta distribution 1972-1998. 

Coefficient 95% 
No. of Delta 

Year tows mean Variance 
Standard 
deviation 

Proportion 
of zeros 

of variation 
of mean 

Confidence 
limits 

1972 95 0.704 0.68 0.18 0.75 0.26 M.36 

1973 103 0.528 0.86 0.13 0.73 0.25 M.26 

1974 120 2.757 1.70 0.75 0.63 0.27 44.50 

1975 120 1.437 1.36 0.38 0.68 0.26 M.76 

1976 120 0.961 0.95 0.24 0.73 0.25 M.48 

1977 100 0.247 0.45 0.07 0.84 0.28 M.14 
1978 120 0.957 1.22 0.26 0.73 0.27 M.52 

1979 120 1.761 1.54 0.52 0.71 0.30 *1.04 

1980 84 1.317 1.05 0.43 0.77 0.33 10.86 

1981 84 1.524 1.51 0.59 0.79 0.39 *1.18 

1982 84 1.098 1.10 0.38 0.79 0.35 M.76 

1983 84 1.611 1.24 0.45 0.64 0.28 M.90 

1984 82 0,847 1.11 0.31 0.81 0.37 M.62 

1985 81 1.528 1S O  0.60 0.79 0.39 *1.20 

1986 70 0.407 2.11 0.28 0.93 0.69 M.56 

1987 72 0.313 0.43 0.18 0.94 0.58 M.36 

1988 70 0 

1989 72 0.014 I 

1990 66 0.089 0.30 0.05 0.94 0.56 M.10 
1991 71 0.028 0.00 0.02 0.97 0.71 M.04 

1992 69 0.058 0.00 0.04 0.97 0.69 k0.08 

1993 69 0.118 0.21 0.06 0.94 0.51 M.12 

1994 63 0.086 0.004 0.06 0.97 0.70 M.12 

1995 69 0.291 0.03 0.17 0.93 0.60 k0.35 

1996 72 0.450 0.05 0.22 0.90 0.49 a.44 

1997 63 0.352 0.03 0.18 0.91 0.51 M.36 

1998 71 0.070 0.001 0.04 0.94 0.51 M.07 

'One individual collected. 

Note:In 1997and 1998 when the standard trawl was towed bay-wide, the mean shown is based on the six fixed stations 
tobe consistent with past years. 
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TableF-11.Abundance indicesfor severalNewEngland surveys-hogchoker. 

1 Connecticut 
DEP' 

RIDFWER 
Nan. Bag 

Narragansett
Bag MHB' 

1979 9.17 1.8 
1980 10.29 1.3 
1981 12.02 1.5 
1982 10.48 1.1 
1983 6.45 1.6 
1984 0.90 2.83 0.8 
1985 0.56 0.62 1.5 
1986 0.21 2.50 0.4 
1987 0.17 0.27 0.3 
1988 0.30 0.3 1 0 
1989 0.17 0.35 0.01 
1990 0.22 0.32 0.1 0.1 
1991 0.38 0 0.1 0.03 
1992 0.15 0.32 0.1 0.1 
1993 0.18 0.08 0 0.1 
1994 0.05 0 0 0.1 
1995 0.07 0.35 0.1 0.3 
1996 0.18 0.37 0.1 0.5 
1997 0.05 0 0 0.4 
1998 0.05 0 0 0.1 

'Geometric mean catch per tow, September-October. 

wean number per tow, fall survey. 

3Meannumber per tow, monthly survey. 

'Annual delta mean number per tow. 


NOTE: Due to differences in gear and methodology,trends should be viewed 

within columns only. 
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Table F-12. 	Annual abundance and variation parameters for scup collected under the Mount Hope Bay 
standard trawl program based on the delta distribution, May-October 1972-1998. 

Coefficient 95% 

Year 
No. of 
tows 

Delta 
mean Variance 

Standard 
deviation 

Proportion 
of zeros 

of variation 
of mean 

Confidence 
limits 

1972 60 2,124 0.42 0.65 0.63 0.31 *1.30 

1973 60 0.639 0.06 0.25 0.78 0.39 a.50 

1974 60 4.620 1.73 1.31 0.43 0.28 k2.62 

1975 60 3.825 1.73 1.31 0.55 0.34 zt2.62 

1976 60 46.560 279.25 16.71 0.27 0.36 k33.42 

1977 60 0.596 0.04 0.20 0.78 0.34 M.40 

1978 60 1.931 0.38 0.61 0.55 0.32 *1.22 

1979 60 7.833 7.15 2.67 0.53 0.34 zt5.34 

1980 42 33.144 237.66 15.42 0.36 0.47 k30.84 

1981 42 10.110 19.87 4.46 0.57 0.44 zt8.92 

1982 41 4.106 2.11 1.45 0.61 0.35 12.90 

1983 42 6.846 6.64 2.58 0.57 0.38 &5.16 

1984 42 2.565 2.30 1.52 0.79 0.59 A3.04 

1985 42 4.662 1.87 1.37 0.36 0.29 k2.74 

1986 34 0.480 0.07 0.26 0.85 0.54 a.52 

1987 36 0.523 0.10 0.31 0.86 0.59 a.62 

1988 35 0 

1989 36 2.491 3.08 1.75 0.86 0.70 13.50 

1990 36 0 

1991 35 5.693 7.68 2.77 0.63 0.49 15.54 

1992 35 2.912 2.47 1.57 0.71 0.54 x1.14 

1993 34 0.762 0.19 0.44 0.85 0.58 M.88 

1994 35 0.057 0.002 0.04 0.94 0.70 a.003 

1995 33 1.308 0.62 0.79 0.79 0.60 *1.57 

19% 36 0.190 0.008 0.09 0.86 0.47 M.18 

1997 27 1.415 1.11 1.06 0.85 0.75 *2.11 

1998 36 0.139 0.01 0.08 0.92 0.59 a.16 

~~ ~ 

Note: In 1997and 1998 when the standard trawl was towed bay-wide, the mean shown is based on the six fixed stations 
to be consistent with past years. 
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Table F-13. Abundance indices for several New England surveys - scup. 

Millstone 

DEP' Rive? 3 
4 Narr.Baf MHB6 

1967 48.6 
1968 36.0 
1969 11.8 
1970 12.0 
1971 45.4 
1972 17.6 2.1 
1973 94.3 0.6 
1974 40.9 4.6 
1975 129.9 3.8 
1976 14.8 330.9 46.6 
1977 13.0 63.8 0.6 
1978 5.6 39.1 1.9 
1979 6.2 31.7 64.1 7.8 
1980 9.2 50.0 46.9 33.1 
1981 7.9 129.3 95.9 10.1 
1982 25.1 40.2 39.9 4.1 
1983 25.9 152.2 108.3 6.8 
1984 10.0 14.3 550.8 50.9 2.6 
1985 29.8 8.3 48.9 86.1 4.7 
1986 25.7 24.1 173.8 61.5 0.5 
1987 18.5 17.4 218.0 79.1 0.5 
1988 39.7 11.4 700.1 42.1 0 
1989 65.1 11.0 409.8 175.7 2.5 
1990 69.5 25.8 668.2 305.5 124.3 0 
1991 311.6 176.0 980.3 325.7 286.0 5.7 
1992 83.7 56.3 780.4 198.9 74.5 2.9 
1993 76.9 2.7 525.5 378.3 31.4 0.8 
1994 92.5 26.4 63.9 39 21.1 0.1 
1995 59.1 5.1 98.1 118 48.0 1.3 
19% 61.5 0.3 125.4 107 57.5 0.2 
1997 41.3 8.1 211.7 181 54.1 1.4 
1998 103.3 51.8 38 44.6 0.1 

Connecticut Niantic RIDFWER Narr. Bay URIGSO 

'Geometric mean number per trawl tow, September-October. 
Qelta mean catch, June-May, three stations. 
3Arithmeticmean number per tow, fall survey. 
'Mean number per tow, May-October. 
'Geometric mean number per tow, May-October. 
6Deltamean number per tow, May-October. 

NOTE: Due to differences in gear and methodology, trends should be viewed within columns only. 
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Table F-14. 	 Annual abundance and variation parameters for butterfish collected under the Mount HopeBay 
standard trawl program based on the delta distribution, May-November 1972-1998. 

Coefficient 95% 

Year 
No.of 
tows 

Delta 
mean Variance 

Standard 
deviation 

Proportion 
of zeros 

of variation 
of mean 

Confidence 
limits 

1972 65 0.488 0.135 0.367 0.94 0.753 M.734 
1973 70 0.805 0.123 0.350 0.86 0.435 M.700 

1974 70 0.136 0.005 0.068 0.90 0.496 M.135 
1975 70 1.260 0.425 0.652 0.83 0.517 *1.303 

1976 70 0.064 0.001 0.035 0.94 0.547 M.070 

1977 " 70 1.183 0.247 0.497 0.83 0.420 M.994 

1978 70 0.398 0,025 0.157 0.83 0.395 lt0.315 

1979 70 1.172 0.133 0.365 0.70 0.3 11 M.730 

1980 50 0.020 I I 0.98 I 1 

1981 48 0.369 0.064 0.254 0.94 0.688 M.508 

1982 48 0.804 0.155 0.394 0.83 0.490 M.788 

1983 49 0.552 0.050 0.224 0.80 0.406 M.448 

1984 49 0.123 0.004 0.063 0.92 0.512 M.126 

1985 49 0.283 0.040 0.199 0.92 0.703 M.398 

1986 40 0.050 I I 1 I I 

1987 42 0.238 0.046 0.215 0.95 0.903 M.430 

1988 42 0 

1989 42 0.209 0.0 15 0.121 0.91 0.578 M.242 

1990 36 0.056 0.002 0.039 0.94 0.691 M.077 

1991 41 0.024 I 1 0.98 I I 

1992 41 1.541 1.585 1.259 0.93 0.817 *2.518 

1993 40 0.865 0.405 0.636 0.90 0.735 lt1.272 

1994 38 0.079 I I 0.97 1 I 

1995 39 0.100 0.006 0.078 0.95 0.785 M.157 

1996 42 0.422 0.084 0.290 0.93 0.686 M.579 

1997 33 0.121 0.003 0.058 0.88 0.476 M.115 

1998 42 0.35 0.065 0.255 0.93 0.725 M.509 

'Individuals present in only one tow. 

Note: In 1997and 1998when the standard trawl was towed bay-wide, tlie mean shown is based on the six fixed s t a ~ d n s  
to be consistent with past years. 
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Table F-15.Abundance indices for several New England surveys - butterfish. 

Connecticut
DEP' 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 52 

1985 90 

1986 63 

1987 60 

1988 147 

1989 175 

1990 155 

1991 171 

1992 302 

1993 88 

1994 93 

1995 320 

1996 174 

1997 187 

1998 355 


Millstone 
Niantic RIDFWER Narr.Bay URIGSO
Rive8 3 4 Narr. Bag MHB6 

2.8 

1.7 

0.6 

0.3 

2.3 

1.4 0.5 

1.3 0.8 

0.9 0.1 

6.1 1.3 


7 5.9 0.1 
3 1.4 1.2 
14 1.4 0.4 
3 5 3.0 1.2 
8 24 0.5 0.02 
9 8 2.1 0.4 
4 18 3.7 0.8 
20 9 13.6 0.6 
0 19 8.9 0.1 
3 17 8.7 0.3 
15 60 12.5 0.1 
6 68 14.7 0.2 

955 98 26.3 0 
22 117 50.0 0.2 
342 669 304 49.7 0.1 
63 53 31 12.5 0.02 
27 123 571 54.8 1.5 
16 569 444 37.3 0.9 
1 99 531 126.7 0.1 
7 320 228 39.6 0.1 
0 24 54 21.7 0.4 
0 266 158 48.3 0.1 

205 122 14.2 0.4 

'Geometric mean number per trawl tow, September-October. 

2Totalnumber taken in approximately 234 trawls, June-May.

Wean number per tow, fdl survey. 

'Mean number per tow, May-November of monthly survey. 

'Geometric mean number per tow, May-October. 

6Deltamean number per tow, May-November. 


NOTE:Due to differencesin gear and methodology, trends should be viewed within columns only. 
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Table F-16. 	Annual abundance and variation parameters for little skate collected under the Mount HopeBay 
standard trawl program based on the delta distribution 1972-1998. 

Coefficient 95% 
No. of Delta Standard Proportion of variation Confidence 

Year tows mean Variance deviation of zeros of mean limits 

1972 95 0 

1973 103 0.068 0.0008 0.028 0.94 0.410 33.056 

1974 120 0.008 I I 0.99 1 1 

1975 120 0.054 0.0005 0.023 0.95 0.433 33.047 

1976 120 0 

1977 100 0 

1978 120 0.038 0.0003 0.017 0.96 0.453 M.034 

1979 120 0.054 0.0006 0.025 0.96 0.457 M.049 

1980 84 0.012 I 1 0.99 I 1 

1981 84 0.036 0.0004 0.020 0.96 0.567 M.041 

1982 84 0.132 0.003 0.053 0.92 0.398 33.105 

1983 84 0.241 0.006 0.077 0.86 0.319 M.154 
1984 82 0.260 0.006 0.078 0.84 0.300 M .156 

1985 81 0.096 0.003 0.054 0.95 0.567 M.109 
1986 70 0.094 0.001 0.037 0.91 0.390 M.073 

1987 72 0.069 0.001 0.035 0.94 0.512 M.071 

1988 70 0.071 0.001 0.031 0.93 0.437 M.062 

1989 72 0.014 I I 0.99 1 1 

1990 66 0.150 0.006 0.077 0.92 0.511 M.153 

1991 71 0.070 0.001 0.03I 0.93 0.437 M.061 

1992 69 0.916 0.563 0.750 0.96 0.819 i1.500 

1993 69 0.228 0.007 0.081 0.85 0.354 M.161 

1994 63 0.079 0.002 0.040 0.94 0.510 M.081 

1995 69 0.129 0.003 0.054 0.91 0.418 M.108 

1996 72 0.083 0.002 0.043 0.94 0.519 M.09 

1997 63 0.237 0.004 0.065 0.81 0.276 33.131 

1998 71 0.042 0.001 0.024 0.96 0.57 M.048 

'One fish taken. 

Note: In 1997and 1998when the standard trawl was towed bay-wide, the mean shown is based on the six fixed stations 
to be consistent with past years. 
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Table F-17.Abundance indices for several New England surveys - little skate. 

1 

I 

b 
 Millstone 

Connecticut Niantic RIDFWERNarr. Bay URIGSO 
DEP* RiverZ 3 4 Narr. Bag MHEP 

0.2
1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 


5.7 

7.2 

7.2 

5.3 

15.5 

21.2 

11.5 

25.2 

12.4 

12.0 

17.0 

6.6 

18.8 

11.2 

11.7 


0.7 

0.6 

0.4 

0.4 
0.8 
0.6 
1.o 
2.6 
0.7 
1.8 
1.8 
2.2 
2.6 
2.4 
3.4 
3.2 
2.2 
3.2 
2.1 
3.5 
1.4 
2.1 

2.9 

3.3 

6.3 

1.4 

5.4 

1.9 

4.8 

3.9 

4.5 

6.0 

2.2 

3.9 

2.0 

1.2 
0.6 
6.1 
4.3 
6.6 
1.8 
1.o 

6.9 

3.3 

6.9 

7.9 

7.3 

10.4 

6.1 

3.7 

4.0 


0.3 
0.5 
0.5 
0.6 
1.o 
1.4 
1.2 
1.4 
1.1 
0.6 
0.3 
0.8 
1.4 
1.o 
1.8 
2.6 
1.7 
1.1 
0.8 
2.8 
2.6 
2.1 
1.9 
2.2 
1.7 
1.2 
0.7 
3.2 
1.1 
0.7 
0.5 

0 

0.1 

0.01 

0.1 

0 

0 

0.04 

0.05 

0.01 

0.04 

0.1 

0.2 

0.3 

0.1 

0.1 

0.1 

0.1 

0.01 

0.2 

0.1 

0.9 

0.2 

0.1 

0.1 

0.1 

0.2 

0.04 


~~ 

'Geometric mean number per trawl tow, April-June. 

Qelta mean catch, June-May. Data for Raja spp. 

'Mean number per tow, spring and fall surveys, Ruju spp. 

4Meannumber per tow based on monthly sampling, Raja spp. 

5Geometricmean number per tow. 

6Annualdelta mean number per tow. 


NOTE: Due to differences in gear and methodology, trends should be viewed within columnsonly. 
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Table F-19. Aggregate annual mean number of fish per tow for 
Mount Hope Bay standard trawl, Mount Hope Bay 
fine-mesh Wilcox trawl, RIDEM Narragansett Bay, 
and URIGSO trawls, 1972-1998, 

Mount Hope Bay' 
Standard 

1972 65.2 
1973 84.9 
1974 73.3 
1975 62.4 
1976 65.O 
1977 23.9 
1978 70.7 
1979 106.1 
1980 61.9 
1981 37.8 
1982 66.6 
1983 60.3 
1984 25.5 
1985 25.6 
1986 8.7 
1987 4.7 
1988 1.5 
1989 3.6 
1990 1.7 

1991 6.9 

1992 6.5 

1993 3.9 

1994 2.4 

1995 3.4 

1996 5.9 

1997 4.2 

1998 2.4 


Wilcox RIDEM2 VRIGS@ 
425.5 
634.9 
748.1 
749.0 
747.3 
572.0 
463.8 

253.5 661.4 
271.7 470.1 
381.6 490.0 
341.9 557.6 
859.5 991.0 
977.6 717.2 
618.6 498.4 
670.2 475.6 
824.8 607.0 
2252.5 578.6 
620.8 852.0 
1567.9 557.8 
1061.6 809.3 
2243.9 635.6 
3005.7 1255.8 
736.7 1385.4 
2331.9 904.0 

19.5 1272.2 335.0 
22.3 1156.0 359.7 
35.2 1075.0 344.0 

1 

1 

1 

Q 

1 

II 

1 

1 

Y 

3 

r 


'Standard trawl = fixed stations only. Wilcox trawl = 
Stratified means. 

2Springand fall surveys;includes squid. 
3WhaleRock and Fox Island; includes squid. 
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Table F-20.Dominance diversity slopes for Mount Hope Bay 
standard Bay trawl collections, 1972-1998. 


1972 -0.180 1985 -0.214 
1973 -0.176 1986 -0.261 
1974 -0.195 1987 -0.278 
1975 -0.272 1988 -0.295 
1976 -0.199 1989 -0.268 
1977 -0.224 1990 -0.309 
1978 -0.183 1991 -0.245 
1979 -0.161 1992 -0.307 
1980 -0.264 1993 -0.282 
1981 -0.288 1994 -0.314 
1982 -0.224 1995 -0.291 
1983 -0.217 1996 -0.149 
1984 -0.233 1997 -0.248' 

1998 -0.159 

'Fixed stations only. 
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TableF-23.Stratified mean number of winter flounder per Wilcox tow coUected 
inMount Hope Bay, 1996-1998. 

January 

February 
March 

APd 

May 
June 


January-June 


July 


August 


September 


October 


November 


December 


1997 
Mean s.e. Mean s.e. Mean s.e. 

1.2 0.54 1.4 0.39 0.3 0.16 

1.3 0.37 3.9 0.98 0.5 0.32 

5.1 1.83 5.4 1.96 1.3 0.68 

8.3 2.16 17.4 3.43 8.4 3.50 

29.3 4.09 29.4 8.85 11.4 3.85 

4.7 1.38 18.7 4.28 5.6 2.03 

8.7 10.35 13.2 2.50 4.6 1.08 

13.2 7.68 2.8 0.82 2.9 0.92 

12.3 4.34 8.9 3.20 4.0 1.72 

17.8 6.04 3.4 1.60 6.2 2.33 

4.2 1.07 No Sampling 15.3 4.93 

3.5 0.35 2.3 0.70 7.3 1.15 

2.7 1.18 2.2 0.61 18.4 5.22 

1998 - 1995 


Jan-December 8.8 1.20 9.3 1.58 6.6 0.92 



- -  
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Table F-24.	Stratified mean number of fish per Wdcox tow (all species) collected 
in Mount Hope Bay, 1996-1998. 

- - 1998 1997 1996 
Mean s.e. Mean s.e. Mean s.e. 

January 2.5 0.84 2.9 0.80 1.2 0.51 

Febnrary 3.5 1.03 14.9 3.37 2.7 1.18 

March 21.2 5.70 12.0 4.32 2.3 1.14 

Aprir 22.0 8.08 20.9 4.16 9.4 3.76 

May 40.8 6.54 41.2 12.74 19.5 4.41 

June 13.7 4.29 25.2 6.11 13.0 6.56 

January-3une 18.0 2.70 20.6 3.46 7.9 1.56 

July 22.8 9.32 10.6 3.08 44.4 14.34 

August 107.6 35.35 63.9 15.73 52.4 29.54 

September 76.6 23.10 38.4 10.61 12.9 4.88 

October 81.3 18.27 No sampling 41.5 17.56 

November 23.2 9.69 4.6 1.40 16.1 2.73 

December 20.5 11.58 7.0 1.42 27.3 7.70 

Jan-December 35.2 4.95 22.3 2.90 19.5 3.16 
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Table F-25. Delta mean catch-per-tow parameters for winter flounder, Mount HopeBay Wilcox 
trawl c ~ l l e a i ~ n ~ .Febr~ary-May1993-1998. 

Proportion Coefficientof 95% 
Numberof Delta Standard of variation COnfideIIce 

Year tows mean Variance deviation zerotows ofmean limits 

1993 19 49.1 141.6 11.9 0 0.242 325.0 

1994 24 14.4 38.3 6.2 0.125 0.430 112.4 

1995 36 7.4 4.5 2.1 0.306 0.285 14.2 

19% 20 4.2 2.8 1.7 0.450 0.404 a . 4  

1997 18 12.2 26.6 5.2 0.222 0.424 110.3 

1998 18 12.7 18.6 4.3 0 0.339 5.6 

Table F-26. 	 Delta mean catch-per-tow parametersfor all fish,Mount HopeBay trawl colleCtions, 
Febr~ary-May1993-1998. 

Proportion Coefficient of 95% 
Number of Delta Standard of variation confidence 

Year tows mean Variance deviation zerotows ofmean limits 

1993 19 67.4 241.3 15.5 0 0.230 131.1 

1994 24 21.5 76.0 8.7 0.042 0.406 k17.4 

1995 36 18.8 46.6 6.8 0.139 0.363 113.7 

1996 20 8.4 11.4 3.4 0.400 0.401 M.8 

1997 18 23.0 72.1 8.5 0.222 0.369 k17.0 

1998 18 45.6 335.9 18.3 0 0.402 i36.7 



F.102 

Table F-27.	Comparison of Mount Hope Bay standard and Wilcox 
trawls with RIDEM trawl, gear, and methodology. 

Head rope (e)

Foot rope (e)

Body mesh (inches stretch) 

Cod end mesh (inches stretch) 

Liner (inches) 

Doors(e)

Tow speed (Wsec) 

Tow duration (minutes) 

~ ~ ~~~ 

Mount HoDe Bav 
Standard Wilcox 

25 26 
36 30 
4.8 2.0 
1.5 1.5 
no 0.25 

1.7 x 3 
4.2 4.2 

15 15 

RIDEM 

39 

54 


2.0- 4.5 

1.o 

0.40 

2 x 4  

4.2 

20 
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Table F-29. 	Numbers of fish,by species, collected in two fixed trawls in the 
Warren River and on OhioLedge, 1998. 

Station: 
Mid. Temp. ("C): 
Bot. Temp. ("C): 
Bot. D.0.(DDm): 
Pleuronectes americanus 

Station: 
- -Mid. Temp. ("C): 
-Bot. Temp. ("C): 
Bot. D.O. (Dpm): 
Tautoga onitis 

TautogolabrusadFpersus 

Gobiosomaginsburgi 

Pleuronectes americanus 

Station: 
Mid. Temp. ("C): 
Bot. Temp. ("C): 
Bot. D.O. (ppm): 
Alosa pseudoharengus 

Mpmcephalus aenaeus 

Tautogolabrusadspersus 

Etrops microstomus 

Pleuronectes americanus 

* 

Station: 
Mid. Temp. ("C): 
Bot. Temp. ("C): 
Bot. D.O. (ppm): 
Scophthalmus aquosus 

Pleuronectes americms 

Januarv 20. 1998 

Winter flounder 

Februarv 27.1998 

Tautog 


Cunner 


Seaboard goby 


Winter flounder 


March 18. 1998 

Alewife 

Grubby 

Cunner 


Smallmouth flounder 


Winter flounder 


A~ril28.1998 

Windowpane 

Winter flounder 

13 13A 
3.3 3 .O 
4.0 3.5 
9.6 9.7 

3 

13 13A 
4.1 4.0 
4.0 3.9 
10.4 10.3 

2 

1 

3 

3 

13 13A 
4.4 3.9 
4.5 4.3 
10.4 10.0 

1 

1 

2 

1 

1 9 

13 13A 
10.3 10.0 
9.7 9.5 
9.1 9.3 

4 

1 35 
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Table F-29 (continued). 

Station: 
Mid. Temp. ("C): 
Bot. Temp. ("C): 
Bot. D.O. (DDrnk 
Urophycischum 

Prionotus e v o h  

Tautogolabrusadspersus 
Pleuronectes americanus 

Station: 
Mid. Temp. ("C): 
Bot. Temp. ("C): 
Bot. D.O. (pprnl: 
Alosapseudoharengus 

Microgadus tomcod 

Urophycis chuss 

Stenotomus chrysops 

Tautoga onitis 
Macrooarces americanus 

Peprilus triacanthus 

Pleuronectes americanus 

May 29. 1998 

Red hake 

Striped searobin 

Cunner 

Winter flounder 

~~ ~~ 

June 29.1998 

Alewife 

Atlantic tomcod 


Red hake 


scup 


Tautog 

Ocean pout 


Butterfish 


Winter flounder 


13 13A 
17.3 16.1 
15.6 14.4 
8.4 . 8.3 

1 

1 

1 
21 

13 13A 
19.3 18.9 
19.3 17.4 
7.1 	 5.0 

10 

1 

1 

16 

2 
1 

10 

1 27 
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Table F-29 (continued) 

Station: 
Mid. Temp. ("C): 
Bot. Temp. ("C): 
Bot. D.0.(DDmk 
Anchoa mitchilli 

Urophycisregia 

Mpxmephalus aenaeus 

Pholis gunnellus 

Peprilus triacanthus 

Paralichthys dentatus 

Scophthalmus aquosus 

Pleuronectes americanus 

Station: 
Mid. Temp. ("C): 
Bot. Temp. ("C): 
Bot. D.O.(mmk 
Brevoortia tyrannus 

Anchoa mitchilli 

Menidia menidia 

S'gnathus fuscus 

Cynoscion regalis 

Pholis pnnellus 

Paralichthys dentatus 

Pleuronectes americanus 

Julv 24. 1998 


Bay anchovy 

Spotted hake 

Grubby 

Rock gunnel 

Butterfish 

Summer flounder 

Windowpane 

Winter flounder 

August 3 1.1998 

Atlantic menhaden 


Bay anchovy 


Atlantic silversides 


Northern pipefish 


Weakfish 


Rock gunnel 


Summer flounder 


Winter flounder 


13 13A 
21.8 21.5 
20.5 18.8 
6.2 4.7 


1 


1 


1 


1 


1 2 


1 


1 


15 13 


13 13A 
22.8 27.7 
21.4 29.4 
4.7 4.2 


2 


4 


2 


29 


9 


1 


1 


24 1 




Table F-29(continued). 

Station: 
Mid. Temp. ("C): 
Bot. Temp. ("C): 
Bot. D.O.hpm): 
Anchoa mitchilli 

Prionotus evolmts 

spgnat~f;Jscus 

Stenotomus chrysops 

Cynoscion regalis 

Menticirrhus smatilis 

Paralichthys dentatus 

P. oblongus 

Scophthalmusaquosus 

Pleuronectes americanus 

F.109 

SeDtember 28.1998 

Bay anchovy 

Striped searobin 

Northern pipefish 

scup 

Weakfish 

Northern kingfkh 

Summer flounder 

Fourspot flounder 

Windowpane 

Winter flounder 

13 13A 

20.4 20.0 

20.1 20.0 


November 5. 1998 (for October) 
Station: 

Mid. Temp. ("C): 
Bot. Temp. ("C): 
Bot. D.O.(ppm): 
Raja erinacea 

Brevoortia tyrannus 

Anchm mitchilli 

Myoxocephalus aenaeus 

spgnathussfi.scus 

Tautogolabrusadsperms 

Pleuronectes americanus 

7.8 7.2 

6 7 


1 1 


1 


1 12 


9 


1 


1 


1 


3 


16 

13 13A 
10.5 10.9 
10.5 11.7 
10.6 9.9 

1 

10 


1 


10 


2 

2 4 

Little skate 

Atlantic menhaden 

Bay anchovy 

Grubby 


Northern pipefish 


Cunner 


Winter flounder 


1 
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Table F-29 (continued). 

November 25 1998 
Station: 13 13A 

Mid. Temp. ("C): 
Bot. Temp. ("C): 
Bot. D.O.('pmk 

8.7 
9.2 
11.3 

8.6 
8.8 
11.2 

Brewortia tyrannus Atlantic menhaden 2 

Merluccius bilimaris Silver hake 6 

Menidia menidia Atlantic silverside 16 

syngnathus~sms Northern pipefish 3 

Myoxocephalus aenaeus Grubby 1 1 

Tautoga onitis Tautog 

Tautogolabrus adspersus Cunner 

Gobiosomaginsburgi Seaboard goby 2 1 

Scophthalmus aquosus Windowpane 1 

Pleuronectes americanus Winter flounder 4 17 

December 15.1998 
Station: 13 13A 

Mid. Temp. ("C): 
Bot. Temp. ("C): 

6.5 
6.6 

6.5 
8.2 

Bot. D.0. (DDmk 
Brevoortia tyrannus Atlantic menhaden 3 10 

Merluccius bilinearis Silver hake 1 

Myoxocephalus aenaeus Grubby 1 

Tautogolabrusadspersus Cunner 6 

Gobiosomaginsburgi Seaboard goby 3 

Pleuronectes americamcs Winter flounder 3 

I 

I 

1 

1 

I 

I 

I 

1 

I 

I 

I 

I 

I 

I 
1 
I 
I 
1 
I 
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1 
1 
I 
1 
I 
1 
I 

1 

I 

I 

I 

I 

1 
I 
1 
I 
I 

1 

I 
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Table F-31. 	Mean number of fish and winter flounder per tow in -MountHopeBay 
taken with the standard trawl and RIDEM trawl, 1990-1998. Stratified 
mean determined with the Wiicox trawl is shown for 1996-1998. 

All fish Winter flounder 
Standard Standard 

grawl' RIDEM' Wilco? trawl FUDEM Wdcox 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

2 393 1 31 

7 1217 , 0.6 20 

7 1067 0.5 8 

4 500 1 19 

2 217 0.4 5 

3 703 1 18 

6 5 19 19 0.6 13 7 

4 258 22 1 11  9 

2 629 35 0.5 5 9 

- .. 

'Delta mean, Six fixed stations. 

'Arithmetic mean at Stations 25 (north of Mount Hope Bridge) and 26 
(south of Spar Island). 

3Stratifiedmean, bay-wide survey. 

-
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B. Revolvine Screens 

Methods 

Finfish impinged on the Units 1,2,3 revolving screens at Brayton Point were initially 
monitored three times per week by diverting screenwash water to an in-line collection tank located 
downstream of the screenswhile the screenswere operational. Weekly totalswere summedto derive 
an annual total. AU fish collected in the tankwere identified, counted, and measured to the nearest 
millimeter (total length). Since 1997, Brayton Point Station Units 1,2,3 screens have run 
continuously to reduce the probabiity that fish will be injured by impingement, and they are 
monitored daily. Tohave collection periods of sufficient length, an MRI biologist contacts Station 
personnel and requests that the in-line collection tank be opened at a specified time prior to his 
arrival at the Station. Following thisapproach, typical collection intervals range from 4 to 8 hours 
depending on the amount of debris and algae being impinged at the time (the collection tank 
overflows when sidewall mesh panels foul). Counts made at each week’s wash collections are 
extrapolatedto estimate a weekly total. These are summed to derive an annual total. Also reported 
is the weekly number of fish taken in the weekly samples divided by the sum of the number ofhours 
represented by screenwash samples. For example, if screens are sampled seven times during given 
week with 6 hours being represented by each wash and a total of 50fish taken, then an impingement 
rate of 1.2 fish per hour will be obtained (50 fish/42 hours). 

If an impingement rate of 25 or more fish per hour is obtained at Brayton Point, Station 
procedures requirethat Stationpersonnel and variousregulatory agenciesbe notified. MRI personnel 
are required to take additional samples.&til the impingement rate drops below 7 fish per hour as 
specified in the Station’s NPDES permit. 

Fixed screensof 1.5-inch squareon Units 1 and 2 and 1-inch squarewire mesh on Unit 3 were 
in place May through October to reduce impingement of horseshoe crabs (Limuluspo~hemus) 
which are not consistently removed from the revolving screensby the wash system. In 1998 Unit 1 
was out of service for two weeks starting March 3, and its circulating pumps and screens were not 
in use during that time. Unit 2 screenwash system was operational throughout the year. Unit 3 w8s 

out of service the last week of March and for three weeks in December, and its circulating water 
pumps and screens were not used during those times. 

Results and Discussion 

A total of46 specieswas represented in the 1998 collections. Numerical dominantsincluded 
winter flounder (Pleuronectesamericamrs),alewife (Alosapseudoharengus),hogchoker (Trinectes 
maculatus), Atlantic menhaden (Brevoortia tyrannus), silver hake (Merluccius bilinems)),tautog 
(Tautoga onitis), Atlantic silverside (Menidia menidia), Atlantic tomcod (Microg& tomcod), 
butterfish (Peprilus triacanthus), blueback herring (Alosa aestivalis), threespine stickleback 
(GQsterosteusaculeatus),smallmouthflounder(Etropsmicrostomus),and oystertoadfish(Opsamrs 
tau). These thirteen speciesaccounted for 80% ofthe 1998total (FigureF-37). Stationimpingement 
rates, tallied on a weekly basis, ranged fiom a low of 0 duringthe week ofNovember2 to a maximum 
of 7.16 fishhour during the week of December 29, 1997 (the firstweek of 1998) when Atlantic 
menhaden, alewives, and blueback herring were abundant. Collections taken in January contained 
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Brayton Point Screens 

January - December 1998 


6
ticmmhadcn 

Atlantic Sivcrside 
5.1% 

outh floc 
3.4% 

Tautog 

6.3% 


ine stickleback 


3.0% 

Figure F-37.	Percent contribution by speciesfor fish impinged on the BraytonPoint Unit 1,2,3 screens, 
January-December, 1998. 

the most species with a count of 29 (Table F-32); the lowest monthly species count was six in 

September. Tautog were impinged most often, being present during 28 weeks out of 52 in 1998 

(Table F-33). 


The annual impingement rate for Units 1,2,3 averaged 0.62 fish per hour. Corresponding 

rates for 1974 through 1997 are presented in Figure F-8and Table F-34. Over that 24-year period 

impingement rates for all three Taunton River intakes averaged 5.3 fish per hour, ranging from 1.0 

(1996) to 12.4 (I977). From 1984 to 1996 when impingement rates for Units 1,2 were assessed 

separately from Unit 3, rates were 4 to 1 1.5 times greater for Unit 3 screens compared to Units 1,2. 

The 1998 value for Units 1,2,3 were lowest over the 1974-1998 time series. 


A master species list for the Brayton Point Units 1,2,3 screens appears in Table F-35 for 

annualperiods 1972-1998. The current year’s total of 46 species was slightly higher than the 1972

1997 mean of 44 species. 


Annualextrapolated totals forthe sixteenmost abundant speciesimpinged by Units 1,2,3over 

the past 27 years are listed in Table F-36. In 1998 these species represented 74% of the annual 

extrapolated total, below the average percent contribution (90%) for that group over the 1972-1997 

period. All sixteen species as well as the “all others” category were impinged in below average 
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numbers. Tautog and butterfish totals amounted to 46 and 43%of their 27-year means of 776 and 
607 respectively. The remaining 14 specieswere impinged in numbers lower than 20% of their long-
term means. The 1998 values for winter flounder, Atlantic silversides, threespine stickleback and 
striped killifish all ranked last in the 27 years the screens have been sampled (Figure F-38). 

The extrapolated totals in Table F-33 present a comprehensive summary of annual 
impingement by Brayton PointUnits 1,2,3. However, those totals are subject to changes in Station 
operation such asunit outage periods and variations in wash schedules which could bias abundance 
patterns. Trends in screen and trawl data for winter flounder were compared to determine if they 
follow similar patterns. Screenwash data were examined using Unit 3 impingement rates, i.e., 
numbers of winter flounder collected from the screens per hour of wash time (Table F-37). Values 
were calculated by month for January through May 1973-1998. Mean number collected per trawl 
tow over that period represented the trawl catch. The months of January through May were selected 
because peak winter flounder abundance on the revolving screens typically occurs during February 
and March and the trawl catch usually reaches one of two seasonal peaks in May (see Figure F-39). 
Since Unit 3 outage periods were relatively common in April and May (9 out of 27 years) including 
the low flounder years of 1988-1991, February and March provided the most complete data set. 
Mean catch per otter trawl tow (January-May) was plotted by year along with mean number of 
flounder impinged per hour in February, March, and the average over both months. A review of the 
plots indicated that March screen data matched best with the trawl data (Figure F-39). Values were 
significantly correlated in untransformed scale (r =0.606,p <0.01) improving when trawl data were 
log-transformed (r =0.660, p <0.01). The plot using the average impingement within February and 
March was included here for comparison and to provide data for 1974,1979,1983,and 1995 when 
Unit 3 was out of service in March. Tracking the trends, both the trawl and screens showed a 
decrease in catch from 1973 to 1976. An increase in catch was apparent between 1977 and 1979 
although the 1979 screen catch was low (February-March plot) while the trawl catch was high. A 
decline followed through 1981 (trawl) and 1983 (screens). The dramatic decline in numbers of 
flounder displayed by the trawl catch fiom 1983 through 1992is also apparent in the revolving screen 
data although a delay of several years occurred, i.e., the screen catch did not decline noticeably until 
1988. 

The 1998 mean impingement rate for flounder of 0.18for the January-May period was lower 
than all previous years. The April 1998 screen catch (0.03 fish per hour) equaled the 1992 rate and 
was only greater than the 1991 rate ofzero whileMay 1998 represented the second time (1997 being 
the first) in the 17 years that Unit 3 data were available for May that no winter flounder were 
impinged. 

Gibson (1996) Calculated a dominance diversity index for the Brayton Point Unit 1,2,3 intake 
screen fish impingement data using only the 16 numerical dominants tabulated in Brayton Point 
annual reports (Table F-36 in this report). The index was calculated by fitting a least squares linear 
regression line to loge annual impingement totals for each species versus that species rank within the 
year. The regression coefficient or slope represented a diversity index (Whittaker 1965) and was 
calculated for each year fiom 1972 through 1994. In any community steep slopes (larger negative 
numbers) are less desirable than shallow ones because they indicate that numbers of individuals are 
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concentrated within few species. However, Gibson pointed out that a n n d  indices were increasing 

over time (slopeswere becoming steeper), indicatingthat total numbers of fish amongthose impinged 

appeared to be concentrated among fewer species. Over time rarefaction appeared to be occwring. 

Diversity indices for the 16dominants and all species impinged (annual average =44 species) were 

updated through 1998 (Figure F-40). For the 16 numerical dominants a significant increase in 

negative slopes over time remains in spite of improved slopes in 1996,1997and 1998resulting in an 

overall decreasing trend (slope = -0.004, p = 0.003, Figure F-40). The 1998diversity value is the 

highest since 1982.However, for all species impinged no trend is apparent, the slope over time being 

nearly horizontal (slope =4.2E-4,p =0.474)indicating no relationship between diversity indices and 

year. While shifts in abundance of the numerical dominantshave occurred over time, increasesin the 

less common specieshave had a stabilizing effect. No evidenceofunhealthyrarefactionwasapparent 

over the fill complement of species. 
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Winter Flounder 

Mount Hope Bay 

Fish PerTow Fish PerHour 

................... ..................................................... ....................................................... 
.-.-._..................................................................................................... 

1973 1975 1977 1979* 1981 1983* 1985 1987 1989 1991 1993 1995* 1997 
1974*1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 19% 1998 

Year 
(+Trawl (Jan-May) -Screens (Feb - Mar))...; 

........................................................................................................................................................... 

+Unit 3 out ofservice in March. 

Winter Flounder 

Mount Hope Bay 

FishPerTow FishPerHour 

............................................................................................................. ......................................................................................................... 
......................................................................................................... 

................................................................. 

1973 1975 1977 1979,1981 1983* 1985 1987 1989 1991 1993 1995,1997 
1974*1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 19% 1998 

Year 

...................................................................................... 
Wnit 3 out ofscrvice in Mprch. 
c:jfbhhb\d-rs98.pr4 

during March comparedwithmean number per otter trawl tow for January-May in Mount Hope 
Bay, 1973-1998. 
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Dominance Diversity Values 
MHB Screens - 16 Typical Dominants 

Index 

0 

Slope= -0.004 I 
-0.1 

-0.2 

1 0 0 

-0.3 

-0.4 


-0.5 I I I I I I I I I I I I 

1972 1976 1980 1984 1988 1992 1996 

1974 1978 1982 1986 1990 1994 1998 


Dominance Diversity Values 
MHB Screens - All Species 

h & X  
0 1  I 

Slope =0.0004 

-0 05 ...................................................................................................... 	 R:.EwE~.=.O:~!............. 
p = 0.474 

- 0 1  ..................................................................................................................................................... I  I 
0 
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1974 1978 1982 1986 1990 1994 1998 


Figure F-40.	Dominance diversity values for 16 typical dominants and all species collectedfkom 
Brayton Point Units 1,2,3 intake screens, 1972-1998. 
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Table F-34. Mean annual impingementrates (fishhour)during operationalperiods for Brayton Point Units 1,2 
and 3, 1974-1998. 

Year units1.2 Unit3 
1998' 
19972 
19% 0.2 1.8 
1995' 0.7 10.9 
1994 0.1 8.4 
1993 0.1 11.5 
1992 0.2 2.0 
1991 0.2 4.9 
1990 0.04 3.1 
1989 0.1 3.8 

1988 0.3 2.3 
1987 0.1 4.4 
1986 0.3 5.5 
1985 1.o 4.2 
1984 0.2 4.0 
1983 

1982 
1981 

1980 

1979 

1978 
1977 
1976 

1975 

1974 

(0.0.5.' late Feb-late Apr) 

(O.O.S. Apd, May) 
(0.0.S. June)
(0.05May) 
(O.O.S. Apr - lateMay) 
(O.O.S. mid-Apr -
Mid-May) 
(0.03.
Apr - mid-May) 

(O.O.S. Jan, Oct-Dee) 
(O.O.S. May, Sept-Dee) 
(O.O.S. Jan) 

Combined' 
0.62 
3.41 
2.0 

11.6 
8.5 

11.6 
2.2 
5.1 
3.14 
3.9 

2.6 
4.5 
5.8 
5.2 
4.2 
6.3 

4.5 
3.O 

3.9 

3.2 

8.8 
12.4 
4.0 

2.4 

5.2 

(Jan-Sept; Unit 3 O.O.S. 
Oct-Dee) 

(Jan-AUg; Unit 3 O.O.S. 
Sept - mid-DeC) 

(Jan-Mar, J~ne-Dec; 
Unit 3 O.O.S. Apr-May) 

(Jan, Feb, June-Dee; Unit 3 
O.O.S. Mar - mid-June) 

(Jan-Sept; Unit 3 O.O.S. 
Oct-Dec) 

(Jan-Sept, Dee; Unit 3 
O.O.S. Oct-Nov) 

(Jan-Feb, Jun-De~;Unit 3 

'Data not separatedby unit. For 1984-19%Units 1,2 and Unit 3 values can be added to obtain combined value. 


2screenSruncontinuously starting in February 1997. 


%lo sampling early May-late August due to construction of new collection facility. 


O.O.S. - out of sexvice. 
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Table F-37. 	 Mean number of winter flounder impinged per hour at Brayton Point Unit 3 by month 
January-May and mean number per otter trawl tow January-May in Mount Hope Bay, 
1973-1998. 

Revolving screens Otter Trawl 

Year Jan Feb Mar Am M a V  Mean Jan-Ma.l! 
1973 1 8.50 8.50 2.60 0.20 5.00 76.8 

1974 8.02 I I I I 1 46.8 

1975 0.77 1.59 3.26 0.66 0.08 1.27 33.5 

1976 0.89 1.29 1.27 0.61 0.03 0.82 11.7 

1977 0.52 4.34 6.62 2.15 1.49 3.02 14.4 

1978 2.13 2.80 14.48 7.75 1.10 5.65 20.0 

1979 0.89 1.33 1 I 1 1 117.2 

1980 0.69 2.08 8.34 0.53 0.03 2.33 46.8 

1981 0.50 0.99 4.49 0.22 0.15 1.27 25.7 

1982 0.08 0.73 0.53 0.49 0.14 0.39 27.2 

1983 1.97 0.39 1 0.40 0.06 0.71 55.5 

1984 I 1.43 4.12 1.40 0.23 1.80 12.6 

1985 0.29 2.74 2.48 1 I 1.84 15.3 

1986 I 2.04 4.27 0.64 0.11 1.77 3.3. 
1987 1.29 5.67 1.22 1.02 0.04 1.85 2.0 

1988 0.90 1.52 0.38 I I 0.93 1.9 

1989 0.83 0.56 0.10 I I 0.50 0.5 

1990 0.82 0.45 0.87 I I 0.71 1.1 

1991 0.38 1.55 0.55 0.07 I 0.64 0.7 

1992 0.10 0.18’ 0.11’ 0.03’ 0.01 0.09 0.2 

1993 1.20’ 2.092 1.85’ I 1 1.71 1.2 

1994 1.40’ 0.81’ 1.91’ 0.33’ 0.08 0.91 0.8 

1995 1.47’ 3.43’ I I 3 2.45 1.2 

1996 1.20’ 0.44’ 0.02’ 0.00’ 0.03 0.34 0.9 

1997 0.49’ 0.59’ 0.96’ 0.13’ 0.00l 0.43 1.4 

1998 0.47’ 0.25’ 0.15 0.03’ 0.00 0.18 0.7 

’Unit 3 out of SeMCe. 

Tixed screensremoved. 

’Sluiceway samplerunder ConStNction. 

Note: Unit 3 impingement rate calculatedfor 1973-1983and 1997, 1998. 
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C. Beach Seine 

Methods 

Near-shore finfish populationsin Mount Hope Bay were sampled once per month fiom March 
through October at the four locations shown in Figure F-41. July’s sampling was delayed until early 
August due to strong winds. Collections were made during the day with two bag seines - one 
measuring 60 feet (18.3 m) x 6 feet (1.8 m) with 1/8-inch (3-mm) mesh, the other 300 feet (91.4 m) 
x 8 feet (2.4 m) with 1/2-inch (12.5-mm) mesh. One haul was made with each net at each station at 
adjacent, non-overlapping areas of the beach. The large net was set by boat in a semicircle as 
uniformly as wind and tide would allow, The small net was set by walking offshore to a depth of 
about four feet and then parallel to shore over a measured distance of 50 feet. All fish were 
identified, counted, and the total length measured to the nearest millimeter for up to 50 individuals 
per species per haul. Collections and surface water temperatures recorded at each station are 
summarized in Table F-38. 

Results and Discussion 

During the March-October 1998 sampling season, 19 species were collected with the 6 0 4  
seine,18 with the 300-fi net, and 24 were obtained overall. The greatest number of species taken in 
one month was 13 obtained in August; the least was 3 in April. Atlantic silversides (Menidia 
menidia) clearly dominated numerically within the shore-zone fish community accounting for 82% 

Mount Hope Bay Beach Seine 
March - October 1998 

300 Foot Net 60 Foot Net 
Alewife 

tlantic Silvmidc Shipcd Kil 

tlantic Menhaden 

n=2022 n=10929 

igure F-42. Percent contribution for the numericallydominant species of fish taken in 
300 and 6 0 4  beach seines in Mount Hope Bay, March - October 1998. 
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of all fish taken with both nets (Figure F-42). Atlantic silversides were collected in all sampling 
months, being particularly abundant in August when young-of-the-year reached about 30 mm total 
length, a size sufficientlylarge to permit retention by the 1/8-inch mesh of the 6 0 4  seine. Striped 
killifish (Fundulus majaZis) were collected the entire sampling season, while mummichogs (Fundulus 
heteroclitus)were absent in April and September only; both species were most abundant in August. 
Bluefish (Pomatomussaltatrix) were present in June, August, and September, being most abundant 
in September. 

A review of the catch by net indicated that Atlantic silversides were dominant in the 30043 
seine, accounting for 42% of the annual total. Bluefish, northern kingfish, Atlantic menhaden and 
striped killifish contributed an additional 20, 10,9 and 8% to the 300-ft total, respectively. The 60-ft 
seine catch was also dominated by silversides (88%) with striped killifish, and mummichogs 
contributing 4.0 and 2.6%, respectively (Figure F-42). 

Comparison of catches of each dominant species at the four stations showed that adult 
silversideswere most abundant in the 3004  seine at the Cole River in April. In August when young
of-the-year silversides dominated the catch in the 6 0 4  net, the Lee River ranked above the other 
stations (Figure F-43). Striped killifish and mummichogs were most numerous in August at the 
Intake. In September, bluefish were most common in the 300-ft seine at Spar Island and the Lee 
River. 

Tables F-39 and F-40 summarizebeach seine collections from 1972through 1998. To make 
these data.sets as comparable as possible, only daytime hauls were included from past years (1973
1980)when companion collections were made at night. For the 60-ftseine, data collected from May 
through October were used since relatively few fish were taken duringMarch and April. For the 300
ft seine, data from June through August were summarized since the large net was consistently used 
in earlier years during those months. Table F-41 also shows the 300-ft catch per haul over the 
March-October period from 1981-1998 since it was used monthly at each station during those years. 

These summaries indicate that Atlantic silversides have clearly and consistently been a 
dominant member of the nearshore fish community in Mount Hope Bay from 1972 through 1998. 
The 6 0 4  seine catch per haul ranged from 57in 1979to 1409in 1993, reflecting primarily young-of
the-year (Table F-39, Figure F-44). The 1998 mean of 396 fish per haul with the 60-ftnet amounted 
to 71% of the 1972-1997 mean of 557 fish per haul. A significant upward trend remains apparent 
for silversides over the 1972-1998 time series (sign test p<0.02, Figure F-44). The mean number of 
silversides collected in the large seine June-August (16 fish per haul) representing both one-year-old 
spawning stock and larger young-of-the-year, was 40% of the June-August 1972-1997 mean of 40 
fish per haul (Table F-40, Figure F-44). The March-October 1998mean of 27 fish equaled the 1981
1997 mean (Table F-41). No trend is apparent for silversides in the large seine for the June-August 
period (sign test at p = 0.05), while the March-October data set shows an upward trend (sign test at 
p < 0.001). Since these collections reflect members of two year classes (adult and young-of-the
year), greater variability is not surprising. 



F.138 

Striped killifish were caught in below-average numbers in the 6 0 4  net. The 1998 catch rate 
of 13 killifish per haul amounted to 48%ofthe 1972-1997 mean of 28 per haul. Catches in the 300-ft 
net were above average; the 1998 rate of 8 was 1.2 times the June-August mean of 7 and March-
October value equaled its 198 1-1997 mean of 5 fish per haul. 

The mummichog mean catch of 10 per haul in the 60-ft seine was 35% of the 1972-1997 
mean of 30 per haul. Catches in the 3 0 0 4  seine were above average with the June-August rate ( 5  
per haul) being 1.3 times the 1972-1997 mean of 4 fish per haul and the March-October mean (2 per 
haul) being 1.7 times the 1981-1997 mean (1 .1  per haul; Tables F-39 to F-4 1, Figure F-44). 

Bluefish were sampled in below-average numbers in the 1997 300-ft seine June-August 
sampling period with a mean of 3 per haul which was 13% of the 27 year mean of 24 per haul. The 
1998 March-October mean of 13 fish per haul was slightly higher than the 16 year mean of 1 l(Tab1es 
F-40 and F-41, Figure F-44). 

Dominance diversity indices as described under trawl and screen studies (Whitaker 1965, 
Gibson 1996) were calculated for both the 300-A and 6 0 4  beach seines. Gibson (1996) reported that 
weak rarefaction occurred in the Mount Hope Bay 60-ft seine through 1994 when only the top seven 
numerically dominant species were included. These seven were silversides, bluefish, river herring, 
striped killifish, mummichog, and winter flounder.For both seines from 1972-1998, diversity indices 
showed little evidence of a downward trend over time (Figure F-45). In fact the inclusion of 1998 
values as in 1997 hrther decreased the overall slope from -0.002 to -0.001 for the large net and from 
-0.004 to -0.002 for the small net. However, including all species suggests that the near-shore fish 
community has not shown a shiA toward dominance by fewer species. 
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Figure F-41. Location of beach seine sites. 
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Figure F-45. Dominance diversity values for Mount Hope Bay beach seine 60-fi and 3004nets, 1972-1997. 
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Table F-38. 	Species and numbers of finfish collected by 300-ftand 60-ft (300160)beach seines 
on a monthly basis at four stations in Mount Hope Bay, March-October 1998. 

Station: 
Temp."C: 

Microgadus tomcod 
Atlantic tomcod 

Fundulus heteroclitus 
Mummichog 

-.. 
F. majalis . 

Striped killifish 

Menidia menidia 
Atlantic silverside 

March 30.1998 
Intake Spar Cole Lee Total 
9.1 10.1 14.0 12.0 

011 011 

011 011 012 

210 210 

9116 18/19 0125 27/60 

Pleuronectes americanus 1J1 111 
Winter flounder 

Station: 

Temp."C: 

Microgadus tomcod 


Atlantic tomcod 

F. majalis 
Striped killifish 

Menidia menidia 
Atlantic silverside 

April 29. 1998 
Intake Spar Cole Lee Total 
13.5 11.5 13.0 12.0 

011 011 

111 314 415 

1J93 012 42910 18/92 4481187 




F.147 

Table F-38 (continued). 

Station: 
Temp."C: 

Intake 
23.5 

spar' 
19.0 

A Iosa aestivalis 
Blueback herring 

Microgadus tomcod 011 
Atlantic tomcod 

Fundulus heteroclitus 410 
Mummichog 

F. majalis 310 
Striped killifish 

Menidia menidia 415 
Atlantic silverside 

Tautoga onitis 1IO 
Tautog 

Tautogolabrusaa!persus 
Cunner 

Gobiosoma ginsburgi 
Seaboard goby 

'Very high tide - no fish taken. 

May 27.1998 
Cole Lee Total 
22.5 22.5 
1513 1513 

011 

410 

410 710 

1581128 2 1/20 1831153 
\ 

110 


110 110 


011 011 
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Table F-38(continued). 

June 26. 1998 
Station: Intake Spar Cole 

Temn"C: 24.8 22.3 23.3 
Alosapseudoharengus 1143 

Alewife 

Fundulus heteroclitus 5115 
Mummichog 

F. majalis 
Striped killifish 

Menidia menidia 81227 
Atlantic silverside 

Gasterosteus aculeatus 
Threespine stickleback 

S'yngnathusfiscus 
Northern pipefish 

11110 


910 


1341155 


0196 

111 


Lee Total 
24.0 
0113 21166 

5115 


910 

310 1451382 


011 0197 


111 


110 


011 


810 

115 


319 


110 


Morone saxatilis 1IO 
Striped bass 

Lepomis macrochirus 011 
Bluegill 

Pomatomus saltatrix 510 
Bluefish 

Scophthalmus aquosus 
Windowpane 

Pleuronectes americanus 011 
Winter flounder 

Trinectesmaculatus 
Hogchoker 

310 

1I5 

318 

1IO 



F.149 

Table F-38 (continued). 

Station: 
Temn"C: 

Alosa pseudoharengus 
Alewife 

Brevoortia tyrannus 
Atlantic menhaden 

Fundulus heteroclitus 
Mummichog 

F. majalis 
Striped killifish 

Menidia menidia 
Atlantic silverside 

Gasterosteusaculeatus 

Intake 
24.6 
0/6 

8/14 

01684 

Threespine stickleback 

S'gnathus fiscus 
Northern pipefish 

Morone americana 110 

White perch 


Caranx spp. 210 

Jack 


Morone menticirrhus 72142 

Northern kingfish 


Tautoga onitis 1114 

Tautog 


Pleuronectes americanus 
Winter flounder 

August 5. 1998 (for Julv) 
Spar Cole 
25.5 25.4 

3310 


4915 1 


211 106 20189 


210 


011 


1 13/27 


111 


210 


Lee Total 
26.4 

0/6 

19010 19010 


312 1 44135 


0119 49/70 


01545 2212424 


011 011 


013 213 


110 


211 


1410 199169 


12/5 


210 
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Table F-38 (continued). 

Station: 
TemD."c: 

AIosa aestivalis 
Blueback herring 

Alosa pseudoharengus 
Alewife 

Microgadus tomcod 
Atlantic tomcod 

Opsanus tau 
Oyster toadfish 

Cyprinodon variegatus 
Sheepshead minnow 

Fundulus heteroclitus 
Mummichog 

F. majalis 
Striped killifish 

Menidia menidia 
Atlantic silverside 

Morone americana 
White perch 

Pomatomus saltatrix 
Bluefish 

Menticirrhus swatilis 
Northern kingfish 

Tautoga onitis 
Tautog 

Intake 
25.5 
012 

011 

011 

10191 

12/67 

21273 

611146 

112 

618 
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August 21.1998 
SPW Cole Lee Total 
24.0 24.5 27.0 

012 

410 410 

011 

011 

011 011 

014 0197 101192 

2713 1 0174 391172 

1211536 31597 912803 2615209 

611146 

211 2710 2911 

510 612 

210 818 

310 310Pleuronectesamericanus 
Winter flounder 
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Table F-38 (continued). 
SePtember 24. 1998 

Station: Intake SPW Cole Lee Total 
TemD."C: 23.8 19.5 23.5 21 .o 

Alosa aestivalis 110 110 
Blueback herring 

F. majalis 210 4811 011 5012 
Striped killifish 

Menidia menidia 01294 01105 01363 21352 211114 
Atlantic silverside 

Pomatomus saltatrix 312 187165 1IO 17918 370175 
Bluefish 

Caram hippos 1910 1910 
Crevallejack 

Tautoga onitis 012 012 
Tautog 

October 27, 1998 
Station: Intake Spar Cole Lee Total 

TemD."C: 16.3 13.3 13.5 13.5 
Alosa pseudoharengus 1IO 

Alewife 

Cyprinodon variegatus 011 
Sheepshead minnow 

Fundulus heteroclitus 012 
Mummichog 

F. majalis 1161 
Striped killifish 

Menidia menidia 0118 
Atlantic silverside 

110 

011 

012 

011 1 1I72 

011 012 012I 

1 

I 

1 

I 

1 

P 

1 

I 

s 

3 

1 

I 

1 

1 

3 

1 

I 

I 

I 
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D. Young-of-the-Year Winter Flounder Survev 

Since 1972, four locations have been sampled by beach seine to monitor near-shore finfish 
species diversity and abundance (see Section C). Small numbers of young winter flounder were 
occasionally taken at those four locations, but they probably do not represent ideal flounder nursery 
area. For example, averaged over March-October 1981-1997, less than 1 fish per haul was obtained 
with the 300-ft net (excluding 1992 when an unusually high number, n = 459, was taken at the Cole 
River site). With only the four-station beach seine program, winter flounder post-larval year-class 
strength cannot be assessed until the trawl begins to retain them as they approach age one. To begin 
to determine annual production soon after metamorphosis, additional beach seine sampling was 
initiated at ten locations in June 1992. In 1993 the sampling regime was broadened to include the 
months-ofJuly and August, also four stations were added bringing the total to fourteen. The sampling 
plan changed slightly in 1994by adding one station in the Kickamuit River for a total of fifteen stations 
(Table F-42). In an effort to increase precision, beginning with 1995 and continuing through 1998, 
stationswere added by reducing replication at locationswith low variability. The number of additional 
stations ranged fiom four to six depending on variability between replicates and tide related 
constraints. 

Methods 

In 1992, following Poole (1966) and Saucerman (1990), saltwater coves with organic 
substrates and sufficient seinable bottom (minimum 175 linear feet) with good depth contour were 
selected for young-of-the year winter flounder sampling (Figure F-46, Table F-42). Four sites were 
located in the lower Taunton River, two each were located in the lower Lee and Cole Rivers, one was 
located in the Kickamuit River, and one in the Brayton Point intake embayment. In 1993 in addition 
to these 10fixed sites, four additional locationswere sampled, selected at random fiom the remaining 
27 seinable sites. Two sites were selected from the Taunton River, one from the Lee, and one fiom 
the Kickamuit. No additional seine sites could be found in the upper Cole River because of the 
steepness of the banks in that area. In 1994 a randomly selected station was added to the Kickamuit 
River drawing upon the effort originally intended for the upper Cole. This brought the total number 
of stations to 15 and improved precision in the river with the second longest shoreline. Maintaining 
a three-day sampling effort, beginning with 1995, attempts were made to firther increase the total 
number of stations sampled by dropping from three to two replicates per location in cases where inter-
replicate variability was relatively low. Typically only two replicates were collected if numbers of 
flounder in the first and second hauls varied by 20% or less. Occasionally only two replicates were 
completed due to shoreline space limitations. Using this approach, between 20 and 21 stations were 
sampled over the five surveys completed in 1998. Station 13, initially a random station, was sampled 
on each occasion in 1997 and 1998 because good hauls could be made there independent of tidal 
stage. In 1992 sampling was completed twice in June, increasing in 1993 to twice in June, twice in 
July, and once in August. Five surveys have been completed each summer since then. 

Each location was sampled in duplicate or triplicate with a 50-fl x 6-ft, '/-inch mesh bag seine. 
The bottom line consisted of conventional leads spaced one foot apart with an additional 50-ft length 
of lead core line secured to it. Hauls were standardized by walking straight offshore until the net was 
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extended, then walking parallel to shore over a measured distance of 50 feet. Based on actual 
measurements, due to bowing ofthe net, distance from shore approximated 46 feet (14 m) so that each 
haul covered an estimated 2300 ft2 (214 m2). Occasionally, depending on tidal stage, the net could 
not be hlly stretched offshore due to water depth; this typically became more of a problem in 'summer 
as Spurtinu coverage increased, reducing seinable area. Four shortened hauls occurred in June and 
five occurred in July for an overall percentage of 8.7%. In these cases the catch was scaled upward 
to a standard 2300 ft2 (214 m2)set based on the actual bottom covered. Great care was taken to haul 
so the lead line remained on bottom. Flounder from replicates one and two were held in containers 
(aerated if necessary) until two or three collections at a station were completed. All flounder were 
measured to the nearest mm in total length before release. Water temperature (C), salinity ( O h ) ,  and 
dissolved oxygen (mg/l) were recorded near shore and near bottom at each station. 

Results and Discussion 

The two young-of-the-year winter flounder surveys completed in June produced stratified 
means of 0.6 @.e.= 0.2) and 1.9 (s.e. = 0.7) fish per haul (Figures F-47, F-48, Tables F-43,F-44a). 
Stratified mean number per haul for the month of June was 1.3 flounder per haul (s.e. = 0.4) placing 
1998 sixth ahead of only 1993 (0.4 per haul). Consistent with each year except for 1996, numbers of 
flounder increased fiom the firstto the second sample survey suggestingthat young continued to move 
into shoal areas during the month of June. Considering all five surveys completed during the summer, 
a stratified mean of 1.9 flounder per haul was obtained, ranking fourth behind 1995 (4.8 per haul), 
1996 (4,l per haul), and 1997 (3.5 per haul); 1992 was excluded because sampling occurred only in 
June (Figure F-48, Table F-44b). 

Clear, consistent patterns in catch among stations or among rivers have not been easily 
identifiablewhen comparing collections over the 1992through 1998 period. Station C (Breeds Cove 
in the Taunton River) has been most consistent, producing relatively high catch rates each year except 
1994. Station E in the Brayton Point intake embayment produced relatively high catch rates in 1992, 
1993, 1996 and 1998 but did not do so in 1994, 1995, or 1997. Station I in the Cole River supplied 
good collections in 1992 but did not prove productive again until 1997. In June 1998, collections 
averaged highest in the Kickamuit River (1.8 per haul) followed by the Taunton (1.3 per haul), Cole 
(0.8 per haul), and Lee (0.1 per haul) pooling collections over both sampling series. Over all years the 
Cole River has accounted for an average of 37% of the catch followed by the Kickamuit (24%), 
Taunton(22%), and Lee (17%; Figure F-49). Over the seven years surveyed, the Lee River has shown 
the greatest variability in contribution of young flounder varying fiom 0 to 44% of the June stratified 
mean. In 1998 the Lee contributed only 3% of the young collected in June. 

At times macroalgal growth in the Lee River, consisting primarily of UZvu Zactucu, has been 
so extensive that seining through it was nearly impossible. In 1998, likely due to above-average June 
rainfall and resulting runoff,growth was particularly abundant to the point that the normal complement 
of four stations could not be sampled. While it can be difficult to spot small flounder mixed with 
several hundred pounds of UZvu and therefore sampling error may be high, it is uncommon to collect 
young-of-the-year in areas with abundant algal growth, suggestingthat it is not good habitat for them. 
Dense growth of Ulva rigida has been shown to dramatically alter benthic community structure in an 
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Italian lagoon (Tagliapietra et al. 1998). Although that study did not address fish populations, it is 
logical to expect that they would be affected as well. Proportions of the flounder catch among Mount 
Hope Bay rivers appear more evenly distributed when the entire June-August catch is pooled (Figure 
F-49). The Lee River contribution appeared to improve later in the summer due to collectionsat sites 
low in macroalgae. 

A two-way analysis of variance (ANOVA) using log-transformed station means with date and 
station as main, fixed effects (random stations excluded) detected a significant among-station effect 
for 1998 (p = 0.002, loge-transformed data). Station 13 in the Taunton River, Station E in the 
Brayton Point intake, and J in the Kickamuit River ranked first through third over the season as a 
whole. Poorest numbers were obtained at Taunton River Stations A and D (Figure F-46). With the 
exception of the high rank of Station E in 1998, these results are identical to 1997's results; in 1997 
Station E ranked roughly in the middle of the range. An additional ANOVA was run using mean 
densities by river with the randomly selected locations included, river and year as fixed, main effects. 
Data for 1992 were included in an initial run by focusing only on June collections. A subsequent 
ANOVA excluded 1992 but utilized all six dates from 1993 through 1998. The first test with 1992 
included detected a statistically significant difference among tributary river (p = 0.035; loge catch 
data), the Cole River averaging more young flounder then the other three systems which were 
statistically similar. The second test, using data from the entire summer season, failed to detect a 
difference among rivers using either straight (p = 0.449) or loge transformed data (p = 0.562). The 
relatively high proportion of the catch in June from the Cole River (mean =37%), particularly in 1992, 
1993, 1996, and 1997 is shown in Figure F-49. 

Since young winter flounder are reported to move relatively little during summer (Deegan and 
Saucerman 1991), catch per seine haul can be used to provide an estimate of natural mortality. 
However, since it is not possible to separate actual mortality from what may amount to subtle 
movements to and from deeper water as temperatures change, the tide rises and falls along the 
shoreline, or decreases in availability to the seine occur as individuals bury in the sediment, mortality 
estimates are considered approximateat best. During each young-of-the-year flounder season except 
for 1996, stratified mean catch per tow increased from the first to second June sampling series, 
suggesting that young flounder continue to disperse into shoal areas during that period, The 1996 
season differed from the other six seasons in that catch declined from the early (2.6 per haul) to late 
June (2.4 per haul) series but then increased sharply into the early July sampling (9.3 per haul). In 
1994 and 1995 a consistent drop in catch occurred from the second June series through the two July 
series. In 1993 and 1997 a decline occurred between the two July periods. August collections 
continued to show a decline in catch in 1995, 1996, and 1997, with young increasing in number per 
haul in 1993 and 1994. Results for 1998 were unique in that catch per haul increased from one 
sampling period to the next right through the two July periods; the only decline occurred from the 
second July sampling to the August sampling. Focusing on the July decline in catch, which was 
common to all years except for 1998, over that two-week period stratified mean number per haul 
provided a survival rate of 0.556 in 1997, 0.428 in 1996,0.676 in 1995,0.750 in 1994, and 0.682 in 
1993. Linearly projecting those rates over a 30-day period would suggest survival rates of 0.309 in 
1997, 0.183 in 1996, 0.457 in 1995, 0.563 in 1994, and 0.465 in 1993 (Figure F-50, Table F-45). 
Instantaneous natural mortality rates (Z,,,,) corresponding to these survival rates are 1.174for 1997, 
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1.698 for 1996, 0.782 for 1995, 0.575 for 1994, and 0.766 for 1993. The 1997 value appeared to 
reverse the increase in mortality rates observed from 1994 through 1996. 

In 1995, 1996, and 1997 catch rates declined consistently from the first July series through the 
single August series, a period of approximately 30 days. Linearregression using log transformed mean 
densities provided respective, 30-day survival rates of 0.144,0.384,and 0.398 (Z- = 1.937, 0.956, 
and 0.923, respectively). The apparent low survival rate in 1995 over this interval was attributed, at 
least in part, to high summer water temperatures which likely led to movement of young flounder into 
deeper water or to burying themselves in the substratewhere they became less susceptible to the seine 
(Figure F-51,NEP and MRI 1996). 

Mortality rates estimated for Mount Hope Bay tributaries are greater than those reported for 
the Mystic River, Connecticut (Z,,, = 0.371, survival = 0.690, Pearcy 1962). Comparable monthly 
mortality rates reported for two locations in the Niantic River determined from 1984 to 1997 vary 
widely from Z,, = 0.213 to 1.398 (survival = 0.808 to 0.247;NUSCO 1998); only the 1996 Mount 
Hope Bay value exceeded this range. Z,,, values reported for the closely related juvenile plaice 
( P l e u r o n e c t e s p l )in British coastal bays range from 0.563 to 0.693 (Lockwood 1980; Poxton 
et al. 1982; Poxton and Nasir 1985) similar to the 1994 value for Mount Hope Bay and well within 
the Niantic River range. 

Young-of-the-year growth patterns for each year in which young flounder have been sampled 
are shown in Figure F-52 and Table F-46. Mean total length during the second week of June when 
sampling commenced each year ranged from 38.6 mm in 1998 to 47.8 mm in 1996. Absolute growth 
in length as measured during the August sampling series was greatest in 1996 (mean total length = 
67.0 mm, s.e. = 0.9) 6.3 mm larger then in 1998, the second highest year. Only the 1996, 1997, and 
1998 seasoflsofthe six thus far showed apparent continued growth into the August sampling. In each 
year from 1993 through 1995 mean length dropped by 2 to 4 mm between the July and August 
sampling dates, suggesting that larger individuals moved to deeper water late in summer leaving 
smaller fish behind. This observation suggested that mortality rates utilizing the August catch data 
would likely overestimatethe true mortality rate. Overall growth appeared less in 1995 (August mean 
= 51.5 mm, s.e.= 1.4)although the greatest observed drop in length occurred into August of that year 
along with a pronounced drop in catch; 1995 was also the warmest summer of the six sampled (Figure 
F-5 1; see also hydrographic section) supporting the suggestion that larger fish move offshore first, 
particularly under the influence of high water temperatures. 

Daily instantaneous growth rates, the preferred expression for short term exponential growth 
( Schreck and Moyle 1990), for the month of June was most rapid in 1998 (G = 0.0176), slowest in 
1995 (G = 0.0066). Between these two years values ranged from G =0.0095 in 1994 to G = 0.0157 
in 1993. Linearized growth rates over the June sampling dates (15 days) in descending order equaled 
0.77 &day in 1998, 0.72 mmlday in 1993, 0.65 mmlday in 1996, 0.63 &day in 1994, 0.53 
&day in 1992,0.47 &day in 1997, and only 0.31 mdday in 1995 (FiguresF-52,53). Consistent 
with Sogard (1 991), Sogard and Able (1992), and NUSCO (1998), growth appeared to be most rapid 
early in summer, declining later in July and August although, as mentioned above, this pattern is likely 
confounded by late season movement to deeper water. Growth in 1998 appeared to be the slowest 
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prior to the first sampling series among the seven years studied but compensated for it by rapid growth 
later in June. 

In spite of recording the warmest larval flounder season in 1998 (January-April, see ichthyo
plankton section), water temperatures averaged only 18.7 C at the young-of-the-year sampling 
locations during the first June survey in 1998. This compares with means ranging from 18.8 in 1997 
to 21.7C in 1995 (Figure F-54). Since the spring of 1997 was similarly cool yet growth appeared 
consistent with other seasons, perhaps post-metamorphic growth in 1998 was somewhat reduced by 
the combination of a warm larval season and low, late spring water temperatures, all other variables 
being equal. 

Since growth was approximately linear over the four June and July sampling dates (45 to 49
days) during 1993 through 1998 (Figure F-52), rates of growth based on linear regression equations 
were 0.41 &day in 1996 (R2=0.938), 0.39d d a y  in 1998 (R2=0.864), 0.36 d d a y  in 1994 (R2 
= 0.950), 0.33 &day in 1993 (R2=0.882), 0.21 mdday in 1995 (R2=0.984) and 0.19 &day in 
1997 (R2= 0.828) ( Figure F-53). Expressed on a weekly basis the mean of these values (0.32 
&day) was 2.2 mm per week, consistent with that observed by Pearcy (1962) and Mulkana (1966) 
in Connecticut and Fthode Island waters. 

Mean lengths attained in Mount Hope Bay tributaries over the past six seasons were similar 
to mean lengths recorded in the Niantic River during late July through September 1983 through 1996 
(38 - 66 mm TL;NUSCO 1998) and in Rhode Island coastal ponds in 1996 (Gray 1996). Similar 
lengths were also obtained in five Long Island Sound river systems (48-67 mm TL, July-August 1991
1993; Howell and Molnar 1995). Consistent with Mount Hope Bay results, Howell and Molnar 
(1995) noted greater absolute growth in 1993 compared with 1992, offering as one potential 
explanation that 1993 was 0.6to 2.0 C warmer than 1992, which could have accelerated growth rates. 

Water temperature and dissolved oxygen values in most cases did not appear to be limiting to 
the distribution of young flounder in Mount Hope Bay tributaries with the exception of late July-early 
August 1995. Olla et a1.(1969) reported that young flounder were active to 22.2 C, but they were 
buried in the sand at 23 C where temperatures are lower. Casterlin and Reynolds (1982), studying 
winter flounder acclimatd at 15-17C in shuttleboxes,found that yearling flounder voluntarily occupied 
8-27 C water. In summarizing their work and that of others Casterlin and Reynolds stated that 
avoidance is initiated at or below 27 C and, if escape or the ability to bury themselves in soft sediment 
is not possible, heat death occurs at 29 C. Miller et al. (1988) reported an LC50 of 1 .OmgA dissolved 
oxygen for 2 crn flounder; they did not provide avoidance values. Water temperatures exceeded 23 
C at some locations in Mount Hope Bay studies as early as June 21 in each year but 1992 and in fact 
reached 23.5 C in the Cole River on June 12 in 1996. The Cole River exceeded 25 C by late June in 
1995 and 1997, and young flounder were clearly present at those locations. By mid-July each year 
(excluding 1996 which was a cool summer), sampling site temperatures were typically warmer than 
24 C, and by late July 1994 and 1995 all exceeded 26 C. In 1997 all but some Taunton River sites 
equaled or exceeded 26 C. Although winter flounder were collected in water as warm as 28.2 C in 
1994 and 1997 and 32.2 C in 1995, others could have been missed if they were buried in the sand. 
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It is also likely that cooler water was present further offshore within the seine area but removed from 
the hydrographic measurement location. 

Generally dissolved oxygen readings in shallow water at time of sampling in the Mount Hope 
surveys were above 5 mgA and often above 100% saturation. Many stationsheld an abundance of sea 
lettuce (Ulva Zactuca) which probably contributed to relatively high oxygen readings during the day. 
At times these reached as high as 178% saturation (Kickamuit River in June, Table F-43). Readings 
below 5 mg/l were not recorded in 1997 nor 1998, occurred in only one instance in 1996 Wckamuit 
River, 4.0 mgh, 57.6 % saturation) and on an overall small number of occasions in 1993, 1994 and 
1995 (MRI 1994, NEP and MRI 1995, 1996, 1998, NEP et al. 1998). These data, particularly the 
pronounced drop in catch from late July to mid-August 1995, suggest that water temperatures rather 
than daytime dissolved oxygen likely lead to young flounder vacating certain shoal areas thereby 
limiting their summer habitat for periods of time. Dissolved oxygen, however, at least during daylight 
hours, does not appear to be limiting. If young flounder are forced to seek waters with higher 
dissolved oxygen during darkness before photosynthesis replaces that lost to respiration (presumably 
in the hours just before dawn), individuals clearly return, probably with the next flood tide (Tyler 
1971). As reported by Bejda et a1 (1992), wide fluctuations in dissolved oxygen, if they occur, 
apparently result in reduced growth rates during the summer. 

Six annual young-of-the-year flounder surveys completed during late spring- summer provide 
abundance data for New York, Connecticut, Rhode Island, and other Massachusetts waters. TheNew 
York StateDepartment ofEnvironmenta1Conservation completed small mesh trawl surveysin Peconic 
Bay weekly at 16 randomly selected locations from May through October beginning with 1985. They 
utilized a 4.9-m, semi-balloon shrimp trawl with 1.3 cm cod end liner. The Connecticut Department 
of Environmental Protection has conducted standardized seine sampling (8m bag seine) for young 
winter flounder since 1988 at eight intertidal sites sampled each September with six hauls being 
completed at each site (Howell and Molnar 1995). Environmental studies around Millstone Nuclear 
Power Station in Waterford, Connecticut include annual assessments of young-of-year (age 0) 
flounder in the Niantic River and Niantic Bay (NUSCO 1998). Collections were made weekly with 
1-meter beam trawls at two river locations and two bay locations. The Rhode Island Department of 
Environmental Management (RIDEM) multi-species survey employs a 200-ft seine, single hauls, 
monthly at sixteen stations (Powell 1986).They also complete a coastal ponds survey begun in 1993 
using a 130-ft seine monthly fiom May through October. Lastly the Massachusetts survey completed 
by the Massachusetts Division of Marine Fisheries (MDMF) specifically to assess flounder uses a 21-ft 
net, triplicate shore hauls at 49 stations sampled between mid-June and mid-July. The 49 stations 
cover Bass River, Cotuit Bay, Great Pond, Lewis Bay, Stage Harbor, and Waquoit Bay, all on the 
south shore of Cape Cod. Results fiom the six surveys including Mount Hope Bay for 1992-1998 are 
summarized in Table F-47 and Figure F-55. 

The 1992year class was a strong one based on the Mount Hope Bay, MDMF, RIDEM (all but 
June, 4-station series), and New York surveys, that year ranking highest among the seven years of the 
time series in each case. In contrast to 1992, 1993 production was poor based on Mount Hope Bay, 
MDMF, and both Connecticut surveys. Numbers of young taken in 1994were even lower than 1993 
in the RTDEM surveys while 1994 produced the highest numbers of the time series in the Niantic 
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River. The current 1998 season ranked near the middle of the seven-year time series in many of the 
surveys. The RIDEM coastal pond survey presented the highest rank where 1998 placed second 
behind 1997. The MDMF survey index in 1998 ended a four-year upward trend. In general these data 
suggest that some regional signals appear in early year class strength as evidenced by the 1992 year 
class which was relatively strong in Massachusetts, Connecticut, and New York waters. Overall only 
two statistically significant Spearman’s rank correlationsoccurred among this group of surveys over 
the 1992-1998 period. The Mount Hope Bay June catch was correlated with the RIDEM June catch 
( p = 0.786, p = 0.036) and also with the MDMF abundance index (p =0.721, p = 0.068). The latter 
was significant only at the 90% probability level. Data suggest that some region-wide signals exist 
which account for years like 1992when strong year classes occur over a wide area, but they appear 
as isolated cases or at most run for two or three years before becoming obscure. 

Analysis of larval abundance indices and subsequent age 1 abundance during the following 
February-April demonstrated a weak correlation fiom 1973 through 1998 (r = 0.500, p =0.011, both 
in 10% scale, see trawl section). A stronger relationship is likely to emerge between larval abundance 
and young-of-the-year abundance since they are more closely related in time and the interval over 
which natural mortality hnctions shorter. Although only seven years are currently available, these data 
were examined using the annual geometric mean larval flounder abundance and the stratified mean 
abundance of young flounder per haul for June. Seine data for both June dates were included because 
in most cases early June data have indicated that young continue to move into near shore areas over 
the course ofthe month (see earlier). Mean larval abundance and mean young-of-the-year catch were 
found to be well correlated (r = 0.909, p =0.005, Figure F-56) as were young-of-the-year abundance 
and age 1 abundance the following spring (February-April, mean number per tow, fine-mesh trawl; r 
=0.938, p =0.002, Figure F-57). Clearly however 1992was key to the strength ofboth relationships; 
excluding 1992 resulted in a decline of both correlation coefficients (larvae vs young-of-the-year r 
= 0.872, p = 0.024; young-of-the-year vs age 1,  r = -0.305, p = 0.556) the latter becoming non 
significant. 
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Y-0-Y Winter Flounder 

Mount Hope Bay 
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Figure F-47. Mean number of young-of-the-year winter flounder taken per seine 
haul during two June sampling series, 1992-1998. 
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MHB June Stratified Means 
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Figure F-48. Stratifiedmean number of youngsf-the-year 
winter flounder per seine haul during June 1992-1998 
(top), June 1993-1998 (mid), and June-August 1992-1998. 
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Y-0-Y Winter Flounder - June 
Percent Of Total By Tributary 
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Monthly stratified mean is shown above cach bar. 

Y-0-Y Winter Flounder - June-August 
Percent Of Total By Tributary 
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Seasonal stratified mean is shown above each bar. 

Figure F-49. 	Percent of young-of-the-year catch by tributary during June (top) and 
June-August, 1992-1998. 
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MHB YOY Winter Flounder 
July Survival Rates 

Survival Rate 
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Survival rates could not be determined in 1998. 

Figure F-50.	Survival rates calculatedover 30 days in July, young-of-the-yearwinter 
flounder, 1993-1998. 
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Figure F-51. 	Monthly cooling degree-days recorded at T.F. Green Airport, Providence, 
Rhode Island, May-September 1992-1998. Data from NOAA National 
Weather Service. 
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MHB YOY Winter Flounder 
Daily Growth Rate 

Daily Growth (mm)
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Figure F-53. Linearized daily growth rates for young-of-the-year winter flounder, June 
1992-1998, June-July 1993-1998. 

MHB YOY Flounder 
Early June Water Temperatures 
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Figure F-54. Early June water temperatures in Mount HopeBay, 1992-1998. 
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Larvae vs YOY Abundance 

MHB Winter Flounder 
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Figure F-56.Comparison between seasonal geometric mean larval flounder abundance 
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and young-of-the-year abundance per seine haul in June. 

Young-Of-Year vs Age 1 
MHB Winter Flounder 

r = 0.938, p = 0.002 
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Figure F-57. 	Comparison between mean number of young-of-the-year winter flounder 
per seine haul in June and mean number of age 1 flounder taken by trawl 
during the following February - April period. 
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Table F-44a . Stratified mean number of young-of-the-year winter flounder 
per haul during two June sampling series, Mount Hope Bay 
tributaries, 1992-1998. 

Number of 
Year samdes 
1992 20 

1993 24 

1994 30 

1995 36 

1996 41 

1997 37 

1998 41 

95% 
confidence 

Mean S.E. limits 
34.56 7.929 rt17.666 

0.42 0.164 M.348 

1.74 0.42 1 h0.881 

6.34 0.882 k1.830 

2.46 0.467 ztO.955 

3.99 0.944 h1.948 

1.25 0.367 h0.742 

Table F-44b. 	Stratified mean number of young-of-the-year winter flounder 
per haul during five June-August sampling series, Mount Hope 
Bay tributaries, 1992-1998. 

~~ -

Number of 
Year samples-1992l 

1993 70 

1994 75 

1995 94 

1996 99 

1997 95 

1998 103 

'Sampled in June only. 

95% 
confidence 

Mean S.E. limits - - -

1.60 0.390 h0.788 

1.83 0.233 k0.469 

4.82 0.626 k1.25 1 

4.13 0.303 A0.606 

3.48 0.437 M.874 

1.92 0.264 rt0.517 
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Table F-45. 	 July mortality rates, young-of-the-year winter flounder, 

Mount Hope Bay, 1992-1998. 


Survival Rate Mortalitv Rate 2, 


1992 
1993 0.465 0.535 0.766 

1994 0.563 0.437 0.575 


1995 0.457 0.543 0.782 

1996 0.183 0.817 1.698 

1997 0.309 0.691 1.174 

199s1 - - -

'Catch rate did not decline until August; see text. 
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I Table F-46. Total length data (mm) for young-of-the-year (age 0) winter flounder collected by 
beach seine 1992-1998. 

Daily 

I Instantaneous 
Date Mean S s.e.. Range n Growth (g,)! 
-

I 
1992 

10,11 June 39.0 7.1 0.4 24 - 62 355 
23,24 June 45.9 8.3 0.4 27 - 79 368 0.0125 
-1993 
8,9 June 41.1 7.0 2.6 33 - 54 7 

22,23 June 51.2 7.5 1.5 36 - 65 26 0.0 1572 
12,13 July 55.2 8.7 1.1 38 - 75 68 
27,28 July 58.1 9.5 1.3 45 - 85 55 
17,18 August 55.2 10.9 1.o 32 - 81 115 0.00423 

I 
I 

-
I 

1994 
8-10 June 44.8 7.7 1.1 36 - 53 48 
21-23 June 53.0 5.8 0.4 37 - 69 176 0.01292 
13-15 July 60.2 7.9 0.9 41 - 80 86 
26-27 July 62.3 6.0 0.8 47 - 7.3 56 
17-19 August 60.4 8.5 1.o 42 - 79 75 0.00433I 
-I 1995 
7-9 June 44.4 6.4 0.4 30 - 76 276 

21-23 June 48.7 7.5 0.4 28 - 72 392 0.00662 
12-14 July 52.7 8.2 0.5 31 -78 326 
26-28 July 55.1 9.7 0.7 34 - 88 205 
21-23 August 51.5 7.1 1.4 35 - 66 25 0.0020~ 

I 
-1996I 	10-12 June 47.8 6.6 0.6 30 - 66 126 

25-27 June 57.6 8.3 0.7 29 - 79 129 0.01242 
10-12 July 58.9 10.7 0.6 33 - 87 364 
25-27 July 66.4 11.3 0.7 25 - 94 234 
13-14 August 67.0 11.0 0.9 44 - 94 166 0.005O3 

I 
-19971. 	 9-1 1 June 45.6 7.6 0.6 23-64 162 

24-26 June 52.6 6.9 0.5 37-69 214 0.00952 
14-16 July 53.9 7.7 0.5 29-72 270 
28-30 July 55.8 7.8 0.6 36-74 156 
13-15 August 56.8 8.2 0.8 38-76 117 0.00343 

I 
I 
I 

1 

I 
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Table F-46 (continued). 


Daily 
Instantaneous 


Date Mean S s.e.. Range n Growth (glr 

-
1998 


8-10 June 38.6 6.9 1 . 1  23-57 39 

22-24 June 49.4 11.2 1.2 27-89 94 0.0176 

8-10 July 54.4 8.9 0.8 34-80 116 

22-24 July 55.8 11.0 0.8 24-97 178 

17-19 August 60.7 11.0 1 .o 33-89 128 0.0065 


g1= In(I!/I,J 
t 

’For June only. 

June to August. 
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Heaw Metals 

Introduction 

Heavy metals occur naturally in the earth's environment and in some cases (e.g., copper, zinc, 
selenium, molybdenum) are essential micronutrients for plants and animals. Many heavy metals 
however are produced or concentrated through anthropogenic activities and end up in waterways at 
potentially h a d l  concentrations. This can occur, for example, by direct discharges from 
manufacturing operations, wastewater treatment facilities, incineration of waste materials, and as a 
result of mining operations (Campbell 1994; Gibbs and Miskiewicz 1995, Radach and Heyer 1997, 
and others). At low levels heavy metals can be harmful to fish by altering prey availability via shifts 
in community structure(see for example Clements and Rees 1997). As they grow, marine organisms, 
particularly filter-feeding shellfish, can concentrate sublethal levels of these metals which may be 
passed along a food chain to humans via direct ingestion (Jennings and Rainbow 1979, Atchison et 
al. 1987, Zia and Alikhan 1989, Leah et al. 1992, Nott and Nicolaidou 1993, Reidelder and Fisher 
1994). Since heavy metals are produced at power stations burning fossil fuels, sampling them has 
regularly been part of the studies at Brayton Point. 

Heavy metal concentrations in quahogs (Mercenaria rnercenaria) have been analyzed at a 
minimum of two locationsin Mount Hope Bay since 1979(Table M-1). Station A' under the Brayton 
Point dischargeplume was selectedto mirror near-field bioaccumulationof metals potentiallyreleased 
by the power station and Spar Island; Station F, was selected as a control (Figure M-1). Collections 
were made annually in October near the end of each growing season. A comparison of concentra
tions at A' and F was the primary initial focus, but changes over time, if any, were also of interest as 
the data base enlarged. Metals analyzed initially included aluminum, arsenic, cadmium, chromium, 
cobalt, copper, iron, lead, manganese, nickel, selenium, vanadium, and zinc. The list was shortened 
to eight metals in 1993, then expanded again in 1997 (Table M-1). 

Under direction ofthe Brayton Point Technical Advisory Committee and NPDES permit, both 
sampling locations A' and F were located south of the power station. In October 1987,to investigate 
other potential heavy metal sources, two new stations located in the Taunton River north of the 
generating station were sampled, Winslow Point and Montaup. These were sampled in addition to 
A' and F since the Taunton River has a long history of industrial and municipal discharges (see for 
example MDWPC 1979, Ackerman 1981). Of the nine elements measured in quahogs fiom the four 
locations in 1987, it was apparent that all were present throughout the ecosystem, not just 
downstream of Brayton Point; no evidence of their origin was found.' For five elements: aluminum, 
chromium, copper, iron, and nickel, the concentration at one of the up-bay stations was greater in 
magnitude compared to any down-bay location. Conversely, concentrations of four elements were 
greater at a down-bay station than an up-bay location - cadmium, manganese, vanadium, and zinc. 

'Four elements - arsenic, cobalt, lead, and selenium - were not measured because of what is called "matrix interfer
ence" during analysis (MRI 1988a). 
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In June 1988, to assess heavy metals in quahogs at other stations north of the generating 
station, sampling occurred at three new locations - Lee River, Assonet River, and RB N in the 
Taunton River - as well as at Montaup and Station F (Figure M-1); Station A’ was not sampled on 
that date. The Lee River sample was added to measure the concentration of metals in quahogs found 
just west of Brayton Point. The Assonet River location was chosen to show the concentrations of 
elements emanating from the Assonet River and Assonet Bay area (not shown in Figure M-1), while 
sampling at the RB N station measured those concentrations hrther north in the TauntonRiver. That 
summer sampling occurred once only, indicatingin most casesthat metal concentrationswere greater 
in June than October (MRI 1988b). 

From 1988-1992, October sampling was completed at six locations (F, A’, Lee, Montaup, 
Assonet, and RB N). In 1993 the program was refined, reducing the number of stations to three, A’, 
F, M, the number of metals to eight, but increasing sampling to three times annually, April, July and 
October. (Changes were instituted in July with the new NPDES permit so sampling did not occur 
in April 1993.) The six metals dropped from the program at that time were aluminum, arsenic, 
chromium, cobalt, manganese, and selenium; although not detected in Brayton’s thermal effluent, 
mercury was added for the first time because of its significant human health concerns. With the 
exception of selenium, the metals deleted in 1993 were sampled again beginning in 1997 as part of 
program enhancements associated with the repermitting of Brayton Point Station. 

Summary 

In 1998 heavy metal concentrations in quahogs were analyzed at three locations in Mount 
Hope Bay (Station A’ under the Brayton Point discharge plume and F near Spar Island) and its main 
tributary, the Taunton River (Montaup, Station M). Samples were taken in April, July, and 
November and analyzed for cadmium, copper, iron, lead, mercury, nickel, vanadium, and zinc. For 
the second time since 1992 sampleswere also analyzed for aluminum, arsenic, chromium, cobalt, and 
manganese, referred to here as the secondary metals. Paired comparisons of the longest time series, 
the autumn data from 1979-1998, indicated that metal concentrationswere similar at Station A’ and 
Station F in each case but iron, which occurred at greater concentrationsat Station F. Mercury, with 

. 	 a six-year time series, also showed a significantly greater mean concentration at Station F, but only 
if the detection limit was used where censored data were available. Trend analyses indicated that 
arsenic was the only element showing a statistically significant linear relationship with time; 
concentrations appeared to increase by 0.18 ppm per year from 1979-1992 and 1997-1998.Although 
only six years’ data were available for mercury (1993-1998), concentrations of that element also 
appeared to increase over time with a slope ranging fi-om 0.006 to 0.015 depending on the 
substitution method used to handle values below the test method’s detection limit. No trends in 
concentration were detected at Taunton River Station M at the conventional 95% probability level. 
Comparisons of heavy metal concentrations at the three sampling stations over the 1988-1998 time 
series (excluding mercury and the secondary metals) indicated that copper, iron, and vanadium values 
showed statistically significant among-station differences. Copper and iron concentrations were 
highest at Montaup Station M. Vanadium mean concentrationswere significantly greater at Station 
A’ compared with those at M or F, inconsistent with the complete time series results. Metal 
concentrations compared over the three seasonal sampling events from 1994-1998 suggested that no 
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seasonal effect has occurred at the 95% probability level. At the 90% probability level nickel 
appeared higher in summer compared with spring and fall. 

Quahogs were collected by rake on April 22, July 21, and November 5,  1998from Stations 
A', F, and M (Figure M-1) and placed on ice in the field, then immediately in a freezer upon return 
for storage until they could be analyzed by a state certified analytical laboratory. In the field every 
effort was made to collect quahogs of similar size at each station since metal concentration may vary 
with size (Boyden 1974 and 1977,Wang and Fisher 1997, Table M-2). Approximately five quahogs 
from each location were shucked, pooled and blended by mixer, and an aliquot was wet-weighed in 
a beaker. Dry weight was obtained by heating a 100-ml aliquot in an oven at 105 C to a constant 
weight. Digestion on the wet-weighed sample followed immediately using first a solution of sulhric 
acid, then nitric acid, followed by hydrogen peroxide. Atomic absorption spectrophotometry was 
utilized to analyze for the following elements in duplicate: aluminum, arsenic, cadmium, chromium, 
cobalt, copper, iron, lead, manganese, mercury, nickel, vanadium, and zinc. 

Whenever an element was not detected in a sample set, the concentration of that element was 
considered to be less than the analytical detection limit of the method employed. Detection limits for 
some metals have changed over the years (see NEP and MRI 1998). 

To determine if element concentrations appeared to be changing over time, simple linear 
regression analyses were performed on each element using element concentration as the dependent 
variable and year (entered as timet with 1979 = 1) as the independent variable. Paired t-tests were 
performed on each metal to determine if a significant difference (p = 0.05) in concentration was 
apparent between Stations A' and F. In cases where no difference was detected, data from the two 
stations were averaged for the regression analyses. Suggestionsoffered by Helsel(l990) were used 
to include less-than values (censored data) in the regression analyses. These included substituting 
zero, one-half the detection limit, and the detection limit itself. Regression coefficients were 
examined to determine if any were significantly different from zero; probabilities of Type I error of 
p = 0.05 or less were considered statistically significant. 

Results and Discussion 

The longest time series of heavy metal data consisted of the autumn samples from Stations 
A' near Brayton Point and Station F near Spar Island taken from 1979 through 1998 and analyzed 
for cadmium, copper, iron, lead, nickel, vanadium, and zinc (Table M-3). Metal concentrationswere 
compared between these two sites using paired t-tests. Paired comparisons were also completed for 
the five metals sampled in 1997and 1998for the first time since 1992 (aluminum, arsenic, chromium, 
cobalt, and manganese; referred to here as secondary metals) and for the 1993-1998 seriesof mercury 
samples(Tab1e M-4, M-5). With the exception of iron, paired t-tests indicated there were no 
significant differences in wet-weight metal concentration between StationsA' and F for the long time 
series metals (p=0.05, Table M-5).In the case of iron, concentrations averaged significantly higher 
at Station F (time series mean at F = 20.1 ppm, mean at A' = 15.7 ppm, p = 0.027). Mercury, with 
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only a six-year time series, also showed a mean concentration significantly greater at Station F (time 
series mean at F = 0.07 ppm, mean at A’ = 0.04 ppm, p = 0.046). The mercury time series contained 
two censored values (1993, F and 1994, A,), a statistically significant difference being obtained only 
when the detection limit was used for those two values. No difference was detected when one-half 
the detection limit was substituted nor when zero was substituted for the censored values. 

For each metal, except iron and mercury, mean differences between Station A’ and F were 
small. This was particularly true for lead and aluminum where the means were nearly identical (Table 
M-5). The power to detect differences of such low magnitude is directly related to the sample size 
and standard deviation of the differences and was quite low with the 10 to 20 pairs of samples 
available (only six in the case of mercury; Cohen 1988, Hintze 1.996)*. As an example, using zinc, 
a mean difference between the two stations of 1 . 1  1 ppm was noted over the 20-year period (standard 
deviation ofthe difference = 4.79). Statistical power amounted to 18% (probability of Type I1 error 
= 82%3with a Type I error of 5%). To increase power from that realized in the current analysis to 
a more acceptable 80% would require approximately 147 pairs of samples. In other words a great 
many samples would be required to detect statistically such a small difference between stations. 
Power among the remaining metals ranged from 5% and 6%for aluminum and cobalt, respectively, 
which occurred at similar mean levels at both stations to 27%for copper. Sample sizes required to 
realize power of 80% for these metals ranged from over 1000 to 83, respectively. 

Trends in metal concentration using October values averaged at A’ and F, except for iron and 
mercury which were treated separately by station, were not detected for any of the continuously 
sampled metals at the conventional 95% level of statistical significance nor at the lower 90% level 
(Figure M-2, Table M-6). For cadmium, lead, and vanadium this was true regardless of substitution 
method used for the censored data (Table M-6). Among the secondary metals no trends were 
detected at the 95 or 90% level except for arsenic. For arsenic a significant positive slope was 
apparent (p = 0.012;Table M-7). For that metal levels were consistent from 1980 through 1986 but 
increased after that year resulting in an overall concentration increase of 0.183 ppm per year over the 
14 years available with a 95% confidence interval around the slope of 0.049 to 0.317. The upward 
trend was also statistically significant when Station A’ and Station F were examined separately (0.183 
ppm per year in each case, Table M-7). 

Mercury concentrations were also examined for trends although only six years’ data were 
available (Table M-3, Figure M-2). Analyses were completed separately for Station F and A’ since 
paired t-tests indicated that concentrations averaged significantly higher at F. A significant upward 
trend was detected with data collected at A’ regardless of substitution method used for the censored 

%o correction was made to the power calculationsfor the observed correlation between metal concentrations 
at Station A’ and F as suggested by Cohen (1988). By choosing not to apply that correction the referenced power is 
likely understated and therefore conservative. 

qype I1 error occurs when the null hypothesis (= no difference between means) is accepted as true when it 
is, in fact, false. Power describes the probability of not rnaking such an error. Type I error occiirs when the null 
hypothesis is incorrectly rejected and was set at 5% for this review. 
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value in 1994 although when substituting zero for that value the slope (0.009 ppm per year) was 
sigdicantly different fiom zero only at the 90% level (p = 0.061, Table M-6). Substituting one-half 
the limit for the 1994 value produced a slope of 0.008 ppm per year (p = 0.0.014) and substituting 
the limit itself a slope of 0.006 ppm per year (p = 0.010). At Station F, data suggested an upward 
trend with all three substitution methods although only at the 90% probability level. Since the 
censored value occurred at the beginning of the time series (1993) substituting a zero for that value 
produced the steepest slope (0.015 ppm per year, p = 0.084; Table M-6). Substituting one-half the 
detection limit and the detection limit itself resulted in estimated slopes of 0.013 (p = 0.084) and 
0.012 (p = 0.087), respectively. 

Although just six annual data points make identifLing patterns uncertain, the accumulation of 
mercury in Mount Hope Bay quahogs at A’ as measured in the fall in most cases appear comparable 
to values observed in other Massachusetts shellfish while those at Station F appear relatively high. 
Mean wet weight mercury concentrations reported for soft-shelled clam ranged from 0.01 to 0.053 
ppm for Boston and Salem Harbor and other Massachusetts coastal waters (Capuzzo et al. 1986; 
Wallace et a1 1988; Schwartz et al. 1993). Reported mean values in ocean quahogs and blue mussel 
were 0.018 and 0.021 ppm under the same studies. In 1997 and 1998, the two most recent years, 
over all three sampling stations and three dates of the Mount Hope Bay study (Figure M-3) mercury 
values ranged from 0.03 at Station F in June 1997 to 0.24 ppm at M in October 1997. Readings 
exceeding 0.05 ppm, near the high value reported for Boston Harbor soft-shelled clams, were 
obtained in June and October at A’, July and October at Station F, and on all three dates at M in 1997 
and in all cases in 1998. O’Connor and Beliaeff (1995) listed 0.24 ppm dry weight as the point where 
mercury concentrations can be considered high. This was based on the mean plus one standard 
deviation for seven species of shellfish monitored throughout the United States. All mercury values 
in 1998 exceeded this level, ranging from 0.31 to 0.91 ppm dry weight. Although Mount Hope Bay 
values appear relatively high, the FDA maintains an action limit of 1 ppm wet weight for mercury in 
fish, four times greater than the high value recorded in Mount Hope Bay shellfish samples. 

Among the 11 metals for which no trends were detected all slopes were negative (Table M-6, 
M-7) . The probability of obtaining 13 negative slopes in 16 tests2by chance alone is only 0.9% (see 
any binomial probability table such as Zar 1996) and at least suggests that the concentration of these 
elements in quahog tissue is heading in the preferred direction. 

Statistical power associated with the above trend analyses was examined following Neter et 
al(1996). Two variables were considered, the power or Type TI error rate associated with the ability 
to detect a positive or negative rate of change over the 1979 through 1998 time series and the rate 
of change or slope which could be detected with the current sampling plan with power set at 80% and 
90% (Type I1 error of 20% and lo%, respectively). For example, using the nickel analysis of the 
1979- 1998 October concentrations, test results showed a least squares regression coefficient (slope) 
of -0.253 pprn per year. From the test we concluded that the observed slope was not statistical 

%e 16 tests included in this statement consist of two tests for lead (A’ and F), two for mercury (A’ and F), 
two for arsenic (A’ and F), plus the 10 remaining metals. 
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different from zero and therefore there appears to be no linear relationship between nickel 
concentration and year. The Type I error rate for the analysis was set at 5% (i.e. there was a low, 5% 
chance that we would fail to conclude that the slope was zero when it was in fact zero or that we 
would conclude there was a relationship between nickel concentration and time when there was not). 
In this analysis a Type 11error rate of 55% occurred. In other words there was a 55% chance that 
we failed to detect a slope which was in fact different from zero. Power, the probability of reaching 
the correct conclusion, was therefore only about 45% and the probability that we could incorrectly 
conclude that no relationship exists relatively high. With the current data set, Type I error set to 5% 
and Type I1 error set to 20% or 10% (power = 80 or 90%) we would be able to detect an annual 
change in nickel concentration of about f 0.40 or f 0.45 ppm, respectively, with the data in hand. 
(Table M-8) summarizes these power analyses for each metal including the shorter secondary metal 
time series. 

Heavy metal concentrations (wet-weight) from quahogs collected in October at Montaup 
Station M from 1988, when sampling began there, through 1998 appear in Figure M-4 and Table M
9. Included are the secondary metals sampled from 1988 through 1992 and again in 1997 and 1998. 
Linear regression analysis suggested that no significant trends occurred over the eleven-year period 
at the 95 % statistical probability level for any of the long time series metals. This was also true for 
the five secondary metals for which seven years were available and for mercury with a six-year time 
series. A single trend (positive) was detected at the 90% probability level for vanadium when the 
detection limit was substituted for the three censored values (1992,1997,1998). Since two of the 
three censored values occurred at one end of the time series, substituting the highest possible value 
in those cases may have biased the results. Mercury and arsenic which, through 1997, each showed 
an increasing trend over their short time series at the 90% probability level, declined in 1998 so that 
those apparent trends no longer appear significantly different from zero (Figure M-4, Table M-10). 

Metal concentrationswere compared among the three currently sampled stations - near-field 
Station A’, Spar Island Station F, and Montaup Station M - using a one-way analysis of variance and 
the eleven annual October values (1988-1998;the short mercury and secondary metal data sets were 
excluded). One-half the detection limit was substituted for the censored values. Based on Bartlett’s 
and Levene’s tests for homogeneity of variances, copper and iron values were log (base e) 
transformed to equalizethe variances; variances tested homogenous for the other elements at the 95% 
probability level . No among-station differences were detected for cadmium (p = 0.894), lead (p 
=0.21l), nickel (p = 0.892), and zinc (p =0.733). Significant differenceswere detected however for 
copper (p = 0.040), iron (p = 0.0001) and vanadium (p = 0.001, Table M-11). Copper concentra
tions were statistically higher at Montaup Station M (mean = 2.8 ppm) then at Spar Island Station 
F (mean = 1.9ppm). Multiple comparison procedures were unable to decem whether Station A’ off 
Brayton Point (mean =2.2 ppm) belong with M or F. Iron concentrations were significantlygreater 
upstream at Station M (mean concentration = 30.8 ppm) while similar over this shorter time series 
at Station A’ (mean = 12.6ppm) and F (mean = 16.9ppm); iron concentrations at Station F averaged 
higher than at Station A’ over the 1979-1998 time series, see above.). Vanadium mean concentra
tions were significantlygreater at Station A’ (mean concentration=0.45ppm) then at M or F (means 
=0.27and 0.30ppm, respectively). Interestingly, no differencewas detectedbetween Station A’ and 
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Station F for vanadium when the entire 1979 through 1998 time series was examined using paired 
t-tests (n = 13 pairs, see above). 

For the four metals where no difference was detected among stations using the autumn data, 
statistical power was relatively low primarily because differences between stations were low. For 
example, for zinc, power was 10% (probability of Type I1 error = 90% with Type I error = 5%; 
Cohen 1988, Hintze 1996). In this case approximately 170 samples would have been required at each 
station to bring power up to 80%and 223 samples would have been necessary to achieve power of 
90%. For the remaining metals power for the current analysis amounted to 7% for cadmium and 
nickel, 32% for lead. Mean concentrations among station for cadmium and nickel were nearly 
identical over the eleven-year time series, hence a vast number of samples (474 and 465, respectively) 
would be necessary to separatethem with power of 80%.For lead somewhatgreater differenceswere 
observed but 34 samples would still have been required to reach power of 80%. In these cases the 
data strongly suggest that metal concentrations do not differ among station. 

Since heavy metal concentration is known to vary with sampling season in some shellfish (see 
for example Riget et al. 1996), wet-weight values were compared over the three seasonal sampling 
events using a one-way analysis of variance, stations as replicates, including 1994 through 1998 to 
provide 15 data points per season (Table M-12, M-13). No seasonal effect was detectable for any 
of the eight metals at the 95% level (p = 0.05). At the 90% level (p = 0.10) a difference was 
detected for nickel, July’s mean value (1.4 ppm) exceeding April ( 1 . 1  ppm) and Qctober (1 .1  ppm). 
Zinc showed the largest seasonal variation among the remaining metals (p = 0.141) with a mean 
concentration of 22.9 ppm in summer (July 21) compared with a mean concentration of 19.8 ppr: in 
both spring (April 22) and autumn (November 5). With only 15 data points in each season, 
differences appear subtle and would likely require a large number of readings to discern any real 
differences. This is reflected in low power values as described under the among-station analysis. For 
zinc, which displayed the widest range among seasons, power was only 40% with the 15 data points 
within each season. Approximately 37 samples would be required to achieve power of 80% with a 
Type I error rate of 5% and 48 would be required for 90%power. 
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tributaries. Stations F,A’, and M currently sampled. 
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1998, with least square trend lines. 
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Table M-2. Shell length data (mm) for quahogstaken in Mount Hope 
Bay (F, A') and the lower Taunton River (M) for heavy 
metal analyses, 1998. 

F A' M 

Mean 45.5 45.1 44.7 

s.e. 0.3 0.4 0.5 

n 10 10 10 

Range 44-47 44-47 43-47 

Julv 

Mean 45.2 44.8 44.6 

s.e. 0.4 0.4 0.3 

n 10 10 10 

Range 44-47 43-47 43-46 

November 
Mean 46.0 45.3 44.3 

s.e. 0.3 0.3 0.3 

n 10 10 10 

Range 45-47 44-47 43-46 

n 

I 

I 




-- 

I
M.28 

n d I8 O W 8 2  0 k f o!ci 2 2 - 0  2 0 I 2 2 II 

0

2 h f 
A 

8 
0 I 

N
9 

I 
0z 1 
0 x I 

- I - 0 0S?-!Z 
V 1 

d 

Z 
0 I 
z 

I 
I 


2 I 
1 

0 
x 
8 1 
6 

0

2 I 
0 m

c?2 ci
f 

0 I 
r- I- 0
\4 
I 2 2 I 

r- ch 02 09
0 d 2 x 

QI N 1 
1 8 c? 8 
N $ 4 vi

N 

00 8 N 1 
I 
F 3 0 2 

CI

B I 
u .YB 3 z 

1 



?	-
N 

? 
e 

N 

8 
r;' 

d 82 vi 
N 

d 0

2 2 
c.l 


I- d

2 2 
Y) 0
c? 
0 2 

Y) 0

2 2 


8 8 
e 
V $ 

? 8 
e 06 
V N 

Y) 0 n 
0 2 

N 

CTI 52 CI 
rg 

0
1 8 
.3 u5 

M.29 

bo 3Y 2 0 

Y)

c!

0 


m
2 

I

2 


3 

0 


0

2 8
i 

br

2 
0

2 
00

2 
0x N

2 
W
2 

m
2 

d

2 
0 x 

0".
0 

m a 
\o 

0
c! " 
0 

B -a
2

U 



M.30 


.I 


O b M 

9 q - im o - 


c 



M.31 

Table M-6. 	 Summary data for linear trend analyses, heavy metal concentrations in 
Mount Hope Bay quahogs, Stations A' and F, autumn1979-1998. 

Total 
n 

Censored 
Values 

Substitution
method slooe t(%) 1 

Cadmium 20 3 0 -0.023 6.2 0.292 
'/z limit -0.027 8.6 0.210 
Limit -0.03 1 11.2 0.149 

Copper 20 0 - -0.069 10.9 0.154 

Iron A' 20 0 - -0.358 7.9 0.230 

Iron F 20 0 - -0.372 13.3 0.114 

Lead 19 4 0 -0.027 2.8 0.497 
!4 limit -0.042 7.1 0.271 
Limit -0.057 12.9 0.130 

Mercury A' 6 1 0 0.009 62.6 0.061 
95limit 0.008 81.2 0.014 
Limit 0.006 84.0 0.010 

Mercury F 6 1 0 0.015 56.7 0.084 
!h limit 0,013 56.7 0.084 
Limit 0.012 56.1 0.087 

Nickel 20 0 - -0.252 17.7 0.065 

Vanadium 20 6 0 -0.010 2.0 0.550 
!4 limit -0.067 11.9 0.136 
Limit -0.125 10.1 0.173 

Zinc 20 0 - -0.359 10.7 0.160 

'probability that the observed slope is not statistically different from zero. Slopes in 
shaded rows are statistically different from zero at p<0.05. 
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Table M-7. 	 Summary data for linear trend analyses, heavy metal concentrations (secondary 
list) in Mount Hope Bay quahogs, Stations A' and F, autumn 1979-1992'1997, 
1998. 


Aluminum 

Arsenic 
A' and F 

Arsenic A' 

Arsenic F 

Chromium 

Cobalt 

Manganese 

Total 
n 

Censored 
Values 

Substitution 
method slope 12(%) 1 

15 0 - -0.388 6.3 0.366 

14 0 - 0.183 42.0 0.012 

14 0 - 0.183 34.0 0.029 

14 0 - 0.183 44.0 0.010 

16 1 0 -0.084 7.1 0.318 
!h limit -0.087 7.7 0.297 
Limit -0.090 8.3 0.278 

14 3 0 -0.460 4.5 0.466 
!h limit -0.444 4.2 0.481 
Limit -0.436 4.1 0.489 

16 0 - -0.485 6.4 0.343 

'probability that the observed slope is not statistically different from zero. Slopes in 
shaded rows are statistically different from zero at p<O.OS. 
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Table M-8. 	 Power associated with heavy metal trend analyses, Mount Hope Bay, 
Stations A'and F, autumn 1979-1998. See text for details. 

Metal 

Cadmium' 

Copper 

Iron -A' 
Iron - F 

Lead' 

Nickel 

Vanadium' 

Zinc 

Aluminum 

Chromium 

Cobalt 

Manganese 

Observed Detectable slope with Power of 
n sloDe Power (YO) 80% 90% 

20 -0.027 25 AO.07 k0.08 

20 -0.069 32 i o .14 *0.17 

20 -0.358 23 *0.85 *1.05 

20 -0.618 36 A1.10 k1.32 

19 -0.042 19 i o .11 kO.14 

20 -0.253 45 2~0.40 i0.45 

20 -0.067 33 AO.13 *0.15 

20 -0.359 32 k0.73 i0.87 

15 -0.388 <20 zt1.25 *l S O  
14 -0.087 18 A0.24 k0.29 

14 -0.490 <20 i l . 9 0  zt2.20 

16 -0.485 15 ztl S O  *1.80 

'One-half the detection limit substituted for censored data. 
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Table M-10. 	Summary data for linear trend analyses, heavy metal concentrations 
at Montaup Station M, autumn 1988-1998. 

Total Censored Substitution 
sIoPe 

Cadmium 

Copper 
Iron 
Lead 
Mercury 
Nickel 
Vanadium 

Zinc 

Aluminum 
Arsenic 
Chromium 
Cobalt 

Manganese 

n Values method ?2(%, 1 

11 2 0 -0.0006 0.2 0.902 
% limit -0.0004 0.1 0.917 
Limit -0.0002 0 0.956 

11 0 - -0.047 2.2 0.663 
11 0 - 1.046 5.2 0.498 
11 0 -- 0.007 1.1 0.761 
6 0 0.021 23.9 0.325 
11 0 - -0.038 4.3 0.540 
11 3 0 0.022 24.0 0.325 

'/2 limit 0.004 1.6 0.708 
Limit 0.030 31.7 0.072 

11 0 - -0.333 8.8 0.376 

7 0 - 0.224 0.7 0.858 
7 0 - 0.317 30.2 0.201 
7 0 - -0.174 27.5 0.227 
6 4 0 -0.053 25.3 0.309 

'/z limit 0.001 0 0.978 
Limit 0.055 26.7 0.293 

7 0 - 0.383 1.1 0.821 

'probability that the observed slope is not statistically different from zero. 
Note: the last five elements were not analyzed from samples collected 1993-1996. 
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Table M-11. Results of one-way analyses of variance for heavy metal concentrations 

in quahogs (wet weight) comparing three autumn sampling locations, 

1988-1998. 


~~ 

Mean concentration ( D D ~ )  Anova 
Metal n A' F M F D 

Cadmium 11 0.09 0.09 0.09 0.11 0.894 

Copper' 11 2.19 1.86 2.82 3.58 0.040 

Iron' 11 12.57 16.88 30.85 13.01 0.000 

Lead 11 0.26 0.31 0.40 1.64 0.211 


Nickel 11 1.21 1.21 1.30 0.11 0.892 

Vanadium 11 0.45 0.30 0.27 9.03 0.001 

Zinc 11 19.49 19.49 18.27 0.31 0.733 

'Anova based on log e transformed values to equalize variances. Values shown are 

the geometric mean. 


Shaded values are significantly different than the other two stations' 

I 

I 

1 

1 

I 

I 

I 

1 

I 

I 

I 

1 

1 

I 

1 

I 

1 

1 

I 
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Table M-12.	Summarydata for one-way analyses of variance for heavy metal concentrations 
in quahogs (wet weight) comparing three sampling seasons, 1994-1998. 

Metal n 
Cadmium 15 

Copper 15 

Iron 15 

Lead 15 

Mercury 15 

Nickel 15 

Vanadium 15 

Zinc 12 

DDm mean concentration(s)
SDring Summer Autumn F D 

0.10(0.022) 0.10(0.023) 0.10(0.021) 0.60 0.552 

2.29(0.683) 2.46(0.642) 2.38(0.863) 0.23 0.798 


27.89(16.523) 28.78(22.699) 23.33(13.111) 0.40 0.672 


0.43(0.148) 0.40(0.435) 0.38(0.167) 0.15 0.865 


0.07(0.024) 0.08(0.038) 0.08(0.050). 0.73 0.487 


1.OS(0.367) 1.35 (0.359) 1.100.360) 2.66 0.082 


0.36(0.100) 0.37(0.179) 0.38(0.142) 0.08 0.923 


19.83(4.552) 22.90(5.660) 19.80(4.087) 2.05 0.14 




M.38 


Table M-13.	Average heavy metal concentrations (over two replicates; &g) in wet-weight tissues of 
quahog samples collected from Stations A', F, and M in April, July, and November 1998. I 

A' F M 
April Julv Nov A ~ r i l  Julv Nov A~ril  Julv Nov I 

Cadmium 0.14 0.07 0.09 0.13 0.07 0.14 0.10 0.05 0.07 
Copper 3.61 2.71 1.44 1.78 1.67 1.95 1.32 3.05 3.30 I 
Iron 28.26 9.68 20.96 17.76 18.07 19.46 13.20 26.16 27.14 
Lead 0.41 0.19 0.13 0.25 0.39 0.26 0.19 0.45 0.14 

Mercury 0.05 0.06 0.06 0.08 0.05 0.07 0.06 0.10 0.07 I 

Nickel 0.77 1.30 0.55 0.80 1.18 0.54 0.59 1.53 0.72 

Vanadium 0.94 0.40 0.79 0.89 0.28 0.83 0.66 0.22 0.71 

Zinc 18.84 17.70 14.41 12.43 20.85 18.07 9.24 19.62 10.03 I 

Aluminum 8.79 4.01 8.52 5.33 4.87 7.78 3.96 3.05 

Arsenic 2.20 2.60 1.83 2.96 2.50 2.50 2.20 2.29 

Chromium 0.28 0.35 0.25 0.40 0.28 0.44 0.30 0.33 0.26 

Cobalt 0.94 0.47 0.79 0.89 0.56 0.83 0.66 0.44 

Manganese 36.11 9.20 14.41 12.14 11.68 22.24 9.02 10.90 2.01 




I 
I 

I 

1 

1 
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Table A1 . Hydrographic data, January-December 1998. 


I 
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Appendix Table Al .  Hydrographic data, Januaq-bmber 1998. I 
Station F 

Devth Temp Do Percent SalinitV I 
Date Time Wind c& c o c i  (DDrn) Saturation DH co/oo) 
1-15 0959 NE Surf 3.8 11.3 102.3 7.7 

15 	 5 3.7 11.1 102.1 7.7 27.2 I 
10 3.7 11.1 102.6 7.7 28.6 
15 4.1 10.7 102.2 7.8 
20 4.1 10.7 101.4 7.8 

2-17 0958 E Surf 2.8 11.3 101.8 7.8 27.6 
10-15 5 2.8 11.3 101.6 7.8 

10 3.2 11.1 101.4 7.8 29.0 
15 3.3 10.5 98.1 7.7 31.2 
20 3.4 10.4 97.5 7.7 

3-2 0949 Nw Surf 5.7 10.3 96.5 7.7 23.1 
5 5 

10 
5.4 
4.4 

10.2 
9.9 

95.7 
94.8 

7.7 
7.8 

24.6 
31.0 1 

15 4.4 9.9 94.7 7.8 30.4 
20 4.4 9.8 94.4 7.8 31.8 

3-6 1029 NE Surf 6.1 10.1 94.4 7.7 20.7 I 
15-20 5 

10 
15 

6.1 
5.6 
4.9 

10.0 
9.7 
9.6 

94.5 
93.0 
92.2 

7.8 
7.8 
7.8 

23.5 
26.4 
29.8 1 

18 4.9 9.5 91.4 7.8 30.2 

3-16 0930 N Surf 4.0 11.3 97.4 7.5 17.3 1 
10-15 5 4.0 11.1 96.5 7.5 18.0 

10 
15 
20 

4.1 
4.2 
4.2 

10.7 
9.9 
9.8 

96.5 
93.5 
92.9 

7.7 
7.7 
7.7 

23.7 
29.7 
30.3 I 

3-20 1149 NE Surf 5.0 8.9 89.6 7.6 23.6 
15-20 	 5 4.8 8.7 88.7 7.6 23.6 I 

10 4.8 8.6 87.8 7.6 24.0 
15 4.6 7.9 86.9 7.7 33.1 
20 4.6 7.7 83.9 7.7 

33*2 I 

10 8.7 11.0 111.1 8.7 

' 3-25 1229 sw Surf 7.3 11.1 105.8 8.7 21.6 
5-10 5 6.3 11.1 105.5 8.7 

10 6.7 10.5 103.6 8.7 
15 4.8 10.8 102.8 8.7 30.9 
16 4.7 10.7 101.6 8.7 

3-30 1206 sw Surf 10.1 11.0 113.6 8.7 23.8 
10-15 5 10.0 11.0 113.1 8.7 23.8 

15 7.1 10.9 109.2 8.7 30.3 I 
19 7.1 10.7 107.6 8.7 30.3 

I 
I 



1 Appendix Table Al. Hydrographicdata, January-December1998(continued). 

I 
I 
I 
I 
I 

Station F (continued) 

Date Time Wind 
Depth 

(A) 
Temp Do 
("C) (DDm) 

Percent 
Saturation DH 

salinity 
(dm) 

4-3 0946 N Surf 9.8 9.8 101.1 7.5 24.7 
5-10 5 9.9 9.8 101.1 7.5 24.6 

10 9.3 9.8 100.8 7.5 25.9 
15 8.2 9.7 98.6 7.5 29.4 
19 7.5 9.2 94.0 7.4 31.2 

4-8 1143 SE Surf 10.8 9.9 103.9 7.5 23.5 
10-15 5 9.8 10.1 104.9 7.5 26.0 

10 9.2 10.1 104.6 7.6 27.7 
15 7.1 9.3 94.7 7.5 32.2 
18 7.1 9.2 93.0 7.5 32.2 

4-13 0931 NE Surf 8.7 9.9 100.2 7.5 25.8 

10 5 8.6 9.7 99.3 7.5 27.5 


10 7.5 9.5 97.5 7.5 32.0 

15 7.3 9.4 95.5 7.5 32.3 

20 7.3 9.3 94.6 1.5 32.4 

22 7.3 9.2 93.9 7.5 32.2 


I 
i 4-17 1040 ssw Surf 9.9 9.2 96.5 7.7 27.6 

10-15 5 9.9 9.3 96.9 7.7 27.6 
10 9.5 9.3 96.2 7.7 28.1 
15 8.6 9.3 95.0 7.6 29.4 
20 8.5 9.1 93.1 7.6 29.7 
21 8.5 9.1 92.7 7.6 29.7 

4-21 1212 sw Surf 12.9 9.8 105.5 7.6 21.5 
10-15 5 12.3 9.8 104.1 7.6 22.3 

10 11.0 9.2 97.9 7.6 26.9 
15 9.6 8.9 93.1 7.6 28.7 

I 4-21 0932 Nw 

18 

Surf 

9.4 

10.3 

8.8 

9.3 

91.7 

97.4 

7.6 

7.7 

29.0 

26.4 
15-20 5 10.3 9.3 96.9 7.7 26.4 

10 9.7 9.2 96.8 7.7 28.9 
15 9.6 9.2 96.4 7.7 29.2 
20 9.6 9.2 96.2 7.7 29.3 

I 5-1 1002 sw 
23 

Surf 

9.6 

13.4 

9.1 

9.4 

95.9 

104.6 

7.7 

7.5 

29.4 

24.1 

I 
II 
I 

I 

I 
10-15 	 5 13.3 9.1 102.1 7.5 24.6 

10 13.3 9.0 100.3 7.5 24.5 
15 11.3 8.9 96.6 7.5 27.3 
19 10.6 9.0 96.6 7.6 28.6 

I 5 4  1233 SE Surf 16.5 9.3 107.7 7.7 20.1 
10-15 	 5 16.5 9.3 108.4 7.7 20.1 

10 13.0 8.6 97.2 7.5 27.2 
15 11.7 8.6 95.6 7.5 28.8 
18 11.5 8.6 94.7 7.5 29.11 

1 
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1
Appendix Table A 1. Hydrographic data ,January-December 1998 (oontinued). 

Station F (continued] 
Depth Temp Do Percent salinity I 

Date Time Wind Ift) ("0 bvm) Saturation DH 
5-13 0931 ENE Surf 11.2 9.3 99.8 7.6 

15-20 	 5 11.2 9.2 99.3 7.6 26.0 

10 11.2 9.2 99.3 7.6 26.1 

15 11.2 9.1 99.0 7.6 

20 11.0 8.9 98.1 7.6 

22 11.0 8.9 97.9 7.6 39.6 


5-18 1245 sw Surf 17.9 9.0 109.9 7.7 22.8 I 
5-10 5 15.3 9.7 112.4 7.8 24.2 

10 13.9 9.5 108.1 7.7 25.6 
-	 .. 15 12.3 8.7 97.9 7.6 

20 12.3 8.5 95.3 7.6 28.9 


5-22 0943 N Surf 16.0 9.1 107.9 7.8 24.5 1 
15-20 5 

10 
15 

16.0 
15.9 
15.2 

9.2 
9.2 
8.6 

108.9 
108.4 
100.3 

7.8 
7.8 
7.7 

24.6 
24.6 
25.9 I 

18 13.9 8.1 93.7 7.7 28.1 

5-26 1003 sw 
5-10 

Surf 
5 

16.8 
15.9 

8.8 
8.7 

106.5 
103.9 

7.8 
7.8 

25.9 
26.4 I 

10 
15 
20 

15.2 
14.7 
14.4 

8.6 
8.5 
8.4 

101.7 
99.3 
98.6 

7.8 
7.8 
7.8 

27.2 
27.9 
28.3 1 

21 14.3 8.3 97.2 7.8 28.5 

21 12.3 8.4 94.3 7.6 29.0 


6-1 1016 sw Surf 19.4 7.9 100.4 7.9 

10-15 5 19.0 7.9 99.6 7.8 25.7 

10 
15 
18 

18.4 
18.0 
18.0 

7.9 
7.6 
7.5 

98.7 
95.0 
93.4 

7.8 
7.8 
7.8 

26.7 
26.9 
26.9 I 

6-5 0957 W 
20-30 

Surf 
5 

17.1 
17.1 

7.8 
7.8 

101.3 
101.0 

8.0 
8.0 

27.7 
27.7 1 

10 17.1 7.8 100.7 8.0 27.7 
15 17.1 7.8 100.6 8.0 27.7 
18 17.1 7.8 100.7 8.0 

27.7 I 
6-10 

10-15 5 
10 

17.7 
16.3 

8.4 
7.9 

105.9 
97.6 

7.0 
7.8 

27.9 
28.6 I 

15 15.0 8.0 96.5 7.8 30.4 

6-16 lo00 S 

20 

Surf 

14.2 

19.0 

6.8 

8.9 

81.5 

97.4 

7.6 

7.4 15.4 I 
15 5 19.0 7.9 95.3 7.4 16.2 

10 18.7 7.4 92.5 7.5 20.9 
15 18.2 7.2 90.5 7.6 26.1 

1033 sw Surf 17.7 8.5 107.0 7.9 27.8 

20 16.4 6.8 84.2 7.6 29.5 

21 16.2 6.7 82.8 7.6 
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1 Appendix Table Al. Hydrographic data,January-December 1998 (continued). 

I Station F (continued) 
Temp Do Percent salinity 

Date 
6-19 1256 S Surf 21.5 7.2 88.4 7.1 11.4 

10 5 19.4 6.3 76.8 7.1 17.6 
10 18.9 6.0 75.9 7.4 24.1 
15 17.0 5.9 73.7 7.5 28.3 
19 15.9 5.4 66.6 7.4 29.9 

6-24 1032 S Surf 20.2 7.0 87.5 7.3 19.1 
15 5 19.6 6.5 81.7 7.3 20.6 

10 18.8 6.5 82.0 7.5 23.7 
15 17.9 6.5 80.9 7.6 26.0 
20 17.3 6.1 75.7 7.5 27.1 
21 16.9 6.0 74.0 7.5 28.0 

Time Wind (fil ("C) (DDm) Saturation DH (dool 

I 
1 
I 
I 

NOT SAMPLED - HEAVY SEASI 6-29 

I 
I 7-3 1305 S Surf 26.2 9.6 128.5 7.8 14.2 

5-10 5 23.0 8.9 116.0 8.0 19.3 
10 20.9 6.6 84.8 7.4 23.1 
15 18.8 5.5 69.3 7.3 27.3 
19 18.2 4.3 53.2 7.2 28.4 

0928 Light, Surf 23.2 8.8 114.3 7.9 17.9 

I 
1 

I 7-8 variable 5 23.0 8.7 113.6 8.0 19.4 
10 21.8 6.7 87.0 7.7 87.0 
15 18.9 5.2 65.1 7.4 27.7 
20 16.7 4.7 58.1 7.3 30.4 

7-13 0900 sw Surf 21.3 7.7 101.4 7.7 23.5 
10-15 5 20.9 7.1 92.1 7.7 24.0 

10 20.2 6.4 82.5 7.6 25.3 
15 18.2 5.0 63.1 7.5 28.5

I. 7-17 0826 sw Surf 24.2 8.3 112.7 7.8 23.4 
2 	 5 24.1 8.1 110.7 7.8 23.7 


10 22.2 6.3 83.7 7.6 25.4 

15 20.0 5.5 70.9 7.4 28.0 

16 19.9 5.4 69.3 7.4 28.4
I 

I 
1 

7-22 1014 sw Surf 24.4 9.1 126.5 8.0 25.4 
15 5 24.0 9.1 124.9 8.0 25.5 

10 23.1 7.0 94.7 7.8 26.4 
15 21.0 6.2 81.5 7.6 28.6 
20 20.3 5.8 76.3 7.5 29.3 

I 

I 
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Appendix Table Al. Hydrographic data, January-DeCember 1998. I 

Date 
7-27 

Time 
0859 

Wind 
sw 

Depth 
(ft) 
Surf 

Temp
(“0
23.6 

Do 
(Dum) 
8.0 

Percent 
Saturation 
108.0 

DH 
8.1 

Salinity 
(oleo) 

I 
5-10 5 23.3 7.6 102.8 8.0 

10 
15 
18 

22.7 
21.7 
21.1 

7.2 
6.7 
4.5 

96.9 
88.4 
56.8 

8.0 
7.9 
7.7 

26.0 
26.9 
27.2 1 

7-31 1012 NE Surf 24.6 7.9 111.5 7.8 27.1. 
15 5 24.6 7.8 110.5 7.8 

10 23.8 5.6 77.9 7.4 
15 22.2 5.4 74.1 7.3 29.9 
19 22,l 5.0 68.7 7.3 

StationF (continued) 

8-5 1200 sw Surf 25.3 7.0 100.3 7.8 26.5 
5-10 5 

10 
15 

24.9 
24.9 
21.4 

6.7 
6.4 
4.2 

95.4 
91.1 
56.6 

7.8 
7.7 
7.3 

27.9 

28.0 I 
8-10 0857 ssw 

17 

Surf 

21.0 

23.2 

3.9 

6.3 

53.1 

86.8 

7.3 

8.0 

30.9 

27.5 I 
-10 5 23.0 6.2 84.7 8.0 27.8 

10 22.6 5.8 78.5 8.0 28.0 
15 22.4 5.4 73.4 7.9 
19 22.4 5.2 70.7 7.9 28.1 

8-14 1003 sw 
2 

Surf 
5 

23.5 
23.5 

6.9 
6.7 

96.8 
94.7 

7.6 
7.6 

29.8 
29.8 1 

10 
15 
19 

23.0 
22.9 
22.7 

6.3 
6.1 
5.3 

87.9 
87.4 
74.0 

7.5 
7.5 
7.4 

30.5 
30.5 
30.7 I 

8-19 0947 Nw 
20 

Surf 
5 
10 

I 

23.2 6.2 85.0 7.9 27.0 1 
15 23.2 6.3 86.7 8.0 27.3 
19 21.9 6.1 82.3 7.9 

. 8-24 1024 sw 
10-15 

Surf 
5 
10 
15 

23.1 
23.0 
22.6 
22.4 

6.9 
6.8 
6.2 
5.8 

94.7 
92.4 
83.7 
78.4 

8.0 
8.0 
8.0 
7.9 

27.8 
27.8 

28.1 1 
20 22.4 5.4 73.5 7.9 28.1 
21 22.4 5.2 71.1 7.9 

8-31 0836 sw Surf 24.2 7.9 109.4 8.0 26.5 

10-15 5 24.3 7.9 110.3 8.0 26.5 


10 24.2 7.2 100.3 7.9 26.8 1 
15 23.6 6.7 91.6 7.8 27.2 
16 22.6 5.8 79.3 7.7 27.9 


No readings - operator error. I 
I 
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Appendix Table Al. Hydrographic data, Januy-December 1998 (continued). 

Station F (continued) 
Temp Do 

Date Time Wind (A) ("C) (DDm) 
9-3 1257 SSE Surf 25.5 7.8 

Percent 
Saturation 
111.8 

DH 
8.0 

salinity 
(doe) 
28.8 

-5 5 24.6 8.1 114.4 8.0 28.8 
10 23.9 7.6 106.3 7.9 29.0 
15 22.4 6.8 92.9 7.7 30.3 
18 21.9 5.4 73.9 7.6 30.6 

9-8 1417 Nw Surf 24.0 6.9 96.5 7.7 29.4 -12 5 23.9 6.4 89.2 7.8 29.3 
10 22.7 6.4 87.7 7.8 29.6 
15 21.8 6.0 81.6 7.8 30.4 
18 21.8 5.9 80.5 7.8 30.4 

9-11 1623 WNW Surf 22.8 8.4 115.9 8.0 29.0 
-9 5 22.0 8.1 109.2 8.0 29.4 

10 21.4 7.2 97.4 7.9 29.9 
15 20.7 6.5 87.0 7.9 30.5 

9-17 1115 "E Surf 22.9 8.0 110.1 7.9 29.2 
-8 5 22.3 7.7 105.6 7.9 29.4 

10 22.1 7.6 102.9 7.9 29.4 
15 20.6 7.1 94.0 7.9 30.7 
18 20.4 6.5 86.7 7.9 30.8 

9-21 0855 sw Surf 20.7 8.7 116.5 8.1 30.6 
-5 5 20.7 9.0 119.5 8.1 30.6 

10 20.6 8.8 117.4 8.0 30.6 
15 20.4 7.7 101.8 8.0 30.8 
20 20.3 7.6 100.6 7.9 30.8 
21 20.3 7.4 98.4 7.9 30.9 

9-25 0947 S Surf 19.9 9.1 119.5 8.1 30.1 
5-15 5 19.9 9.1 119.2 8.1 30.1 

10 19.9 9.0 117.7 8.1 30.2 
15 19.9 8.8 115.3 8.0 30.4 
18 20.0 7.5 98.8 8.0 30.5 

9-30 0803 Calm Surf 20.1 7.6 101.0 7.6 30.1 
5 20.1 7.6 101.2 7.6 30.1 
10 20.1 7.6 10.4 7.6 30.5 
15 20.3 6.3 84.2 7.5 31.2 

10-27 1026 E Surf 13.9 10.6 120.8 8.1 26.5 
0-5 5 14.0 10.1 116.3 8.0 27.3 

10 14.2 9.8 114.4 8.1 29.0 
15 14.3 9.6 112.2 8.0 29.7 
19 14.3 9.1 107.2 8.0 30.1 
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Appendix Table Al. Hydrographic data,January-December 1998 (continued). 

StationF (continued) I

Depth Temp Do Percent salinity 


Date Time Wind (ft) ("0 (DDm) Saturation DH (do0 

11-16 1130 sw Surf 10.0 11.5 122.8 8.1 29.5) 1 


15-20 	 5 10.2 11.0 118.5 8.1 29.3 

10 10.2 10.9 117.2 8.1 29.3 

15 10.2 10.8 116.7 8.1 

17 10.2 10.5 112.7 8.1 29-9 I 


12-17 1037 sw Surf 7.5 22.5 226.1 8.2 28.2 

-10 5 7.3 20.2 203.0 8.2 29.1 1 


10 7.1 19.7 197.4 8.2 29.3 

15 7.3 19.3 195.4 8.2 30.1 

20 7.5 19.0 193.4 8.2 30.3 I 


I 


1 

1 

I 

I 




IAppendixTable Al. Hydrographic data, January-December1998 (continued). 

I Station C 
&Pa Temp Do Percent salinity 

1-15 1204 NE . surf 4.7 11.0 102.5 7.7 26.1 
15 5 4.7 10.9 102.8 7.7 27.1 

10 5.8 10.5 102.7 7.7 29.3 
15 4.9 10.3 99.1 7.8 29.4 
17 4.5 10.5 99.5 7.8 29.8 

2-17 1054 E Surf 4.0 11.3 103.2 7.8 26.0 
10-15 5 4.0 11.3 103.3 7.8 25.8 

10 5.5 10.8 103.8 7.8 28.1 
15 4.3 10.5 98.9 7.8 29.7 
19 4.3 10.4 97.9 7.8 29.6 

3-2 1342 sw Surf 7.1 9.0 94.7 7.7 20.7 
5-10 5 6.7 9.9 95.7 7.7 24.2 

10 5.6 9.7 93.8 7.8 27.9 
15 4.9 9.7 92.4 7.8 28.8 
16 4.9 9.6 91.4 7.8 28.9 

I 3-6 1125 NE Surf 6.9 9.8 96.2 7.8 26.0 

Date Time Wind ,(ft) ("C) (DDm) Saturation DH (o/Oor 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I. 
I 
I 
I 

15-20 5 6.9 9.6 95.0 7.8 27.4 
10 5.3 9.7 93.3 7.8 28.2 
15 5.1 9.4 90.3 7.8 29.4 
17 5.1 9.3 89.0 7.8 28.9 

3-16 1304 N Surf 5.2 10.8 97.4 7.7 19.3 
10-15 5 5.2 10.7 96.8 7.6 19.9 

10 4.4 10.3 94.9 7.7 25.6 
15 4.1 10.2 93.6 7.7 26.5 
16 4.1 10.1 92.8 7.7 26.5 

3-20 1244 NE Surf 5.3 8.4 86.0 7.6 23.6 
15-20 5 5.3 8.3 85.0 7.6 23.7 

10 5.3 8.4 85.0 7.6 24.0 
15 5.3 7.7 82.1 7.6 29.5 
18 4.7 7.7 82.1 7.6 30.7 

3-25 1332 sw Surf 7.5 11.2 107.9 8.7 23.1 
5-10 5 6.9 11.1 107.5 8.7 26.2 

10 6.4 10.9 106.2 8.7 28.7 
15 5.2 10.9 104.6 8.7 30.6 

3-30 1051 sw Surf 10.0 10.5 106.8 8.7 ' 22.0 
15-20 5 9.9 10.5 106.9 8.7 22.2 

10 8.9 10.5 106.6 8.7 25.8 
15 7.3 10.4 104.6 8.7 29.4 
19 7.3 10.4 103.7 8.7 29.3 

I 

I 




29*2 

22*4 

I 


Appendix Table Al. Hydrographicdata, January-December1998 (continued). 

Depth 
Station C (continued) 

Temp Do Percent 
Isalinity 

Date 
4-3 

Time
1037 

Wind (A)
Surf 

("C) (DDm)
10.0 10.1 

Saturation 
104.9 

DH 
7.4 

~~~~ I 

24.8 1 
5-10 5 9.9 9.9 102.6 7.4 25.4 

10 9.4 9.6 100.0 7.4 28.0 
15 8.3 9.6 98.7 7.4 
18 7.4 9.4 96.9 7.4 29.7 

4-8 1049 E Surf 10.3 10.0 102.1 7.4 21.4 
10-15 	 5 10.1 9.8 102.2 7.5 25.5 1 

10 7.9 9.6 98.5 7.5 30.4 
15 7.2 9.3 94.3 7.5 31.6 
16 7.2 9.2 93.5 7.5 

4-13 1022 NE Surf 9.7 9.5 99.2 7.5 27.9 
10-15 5 9.7 9.4 98.0 7.5 

10 7.6 9.4 97.7 7.6 
15 
20 
22 

7.9 
7.7 
7.7 

9.2 
9.0 
9.0 

94.4 
92.3 
91.7 

7.5 
7.5 
7.5 

31.4 
31.4 
31.5 1 

4-17 1129 sw Surf 11.1 9.6 101.4 7.7 25.2 
15-20 5 11.1 9.6 100.8 7.7 

10 11.0 9.4 99.6 7.7 25.3 
15 10.6 9.4 99.3 7.7 26.7 
19 8.6 8.9 91.6 7.6 

. 

4-21 1304 sw Surf 13.0 9.4 99.6 7.5 19.5 I 
10-15 	 5 12.5 9.3 98.1 7.5 20.4 

10 11.6 9.1 98.1 7.6 26.1 1 
15 10.4 8.7 92.3 7.6 27.5 
17 9.9 8.6 89.7 7.5 28.1 

4-27 1313 N Surf 12.0 8.7 93.8 7.6 25.2 1 
10 
15 

11.5 
10.3 

8.5 
8.6 

91.8 
91.3 

7.6 
7.6 

27.4 
28.3 I 

16 10.2 8.9 93.6 7.6 28.4 

5-1 1057 sw 
10-15 

Surf 
5 

13.7 
13.6 

9.0 
9.0 

100.3 
99.6 

7.5 
7.5 22.6 I 

10 12.8 8.7 95.9 7.5 24.6 
15 11.4 8.3 90.1 7.5 
19 11.4 8.3 89.6 7.5 

5-6 1326 SE 
10-15 

Surf 
5 

15.7 
15.8 

8.8 
8.7 

98.8 
99.1 

7.5 
7.5 

17.8 
18.3 I 

10 13.7 8.2 93.7 7.5 27.2 
15 11.8 7.8 84.8 7.4 28.0 
17 11.8 7.5 82.8 7.4 

10-15 5 11.9 8.6 92.9 7.6 25.2 

I 
~~ . ~ ~~ 

._-
I .  




IAppendix Table Al. Hydrographic data,January-December 1998(continued). 

I 

I 
I 
I 
I 

Date Time 
1023 

Wind 
ENE 

Depth 
(ft) 
Surf 

Station C (continued) 
Temp Do 
("C) (DDm) 
11.7 9.0 

Percent 
Saturation 
97.8 

DH 
7.6 

salinity 
(dcm) 
25.4 

15-2 5 11.7 9.0 97.4 7.6 25.4 
10 11.7 9.0 97.3 7.6 25.5 
15 11.7 8.9 96.6 7.6 25.3 
20 11.2 8.8 95.8 7.6 27.6 

5-18 1331 N Surf 17.3 9.4 111.8 7.7 21.5 
10-15 5 17.3 9.2 109.0 7.7 21.5 

10 15.9 9.5 110.6 7.7 22.5 
15 12.9 7.9 89.6 7.6 27.8 
20 12.3 7.5 83.7 7.5 28.0 

5-22 0952 N Surf 16.4 8.4 99.7 7.7 24.5 
15-20 5 16.4 8.4 100.1 7.7 24.9 

10 14.8 8.2 95.8 7.6 26.4 
15 14.0 7.3 83.8 7.5 27.5 

1151 sw Surf 17.8 8.2 100.6 7.7 24.6 

I 
1 
I 
I 

I 5-26 10-15 5 17.4 8.2 99.5 7.8 24.7 
10 16.8 8.0 96.1 7.7 25.2 
15 15.6 7.4 88.4 7.7 26.6 
17 15.5 7.8 86.3 7.7 26.7 

6-1 1023 sw Surf 21.3 7.5 98.3 7.8 24.5 
10-15 5 20.6 7.7 97.7 7.8 24.9 

10 19.5 7.7 97.4 7.8 25.0 
15 19.2 7.7 97.2 7.8 25.5 
17 19.1 7.3 92.3 7.8 25.8 

6-5 1005 W Surf 19.7 7.4 100.0 8.0 26.0 
20-30 5 19.7 7.4 99.8 8.0 26.0 

10 19.4 7.4 98.8 8.0 26.1 
15 18.6 7.5 98.6 8.0 26.2 
18 18.1 7.5 97.5 8.1 26.5 

I 
I*6-10 1239 sw Surf 19.6 8.5 110.9 7.9 27.7 

10-15 5 19.5 8.5 111.0 7.9 27.7 
10 17.6 8.0 101.6 7.7 28.4 
15 16.7 7.5 93.7 7.7 29.0 

I 6-16 1146 S 

17 

Surf 

16.6 

19.0 

6.4 

8.5 

79.7 

100.6 

7.7 

7.2 

29.1 

13.4 
15-20 	 5 18.9 8.0 95.2 7.2 13.6 


10 18.7 7.6 90.0 7.2 14.0 

15 18.4 6.6 83.8 7.5 26.1 

18 16.4 6.5 80.2 7.5 29.2
I 

1 

I 




25-3 

23.0 

Appendix Table Al. Hydrographic data, January-December 1998 (continued). 

Date 
6-19 

Time 
1305 

Wind 
S 

Depth
(it,
Surf 

Temp
c o c i  
23.7 

Do 
(DVrn) 
8.8 

Percent 
Saturation 
111.0 

UH 
7.5 

salinity 

10 5 21.6 7.7 97.1 7.3 14.5 
10 19.5 6.2 78.7 7.3 22.1 
15 17.2 5.7 71.0 7.4 
18 17.0 3.2 39.7 7.2 28.5 

6-24 1043 S 
15 

SWf 
5 

20.4 
20.6 

7.3 
6.8 

91.7 
85.9 

7.4 
7.3 

18.3 
85.9 I 

10 21.0 6.2 78.6 7.3 19.3 
15 
19 

18.5 
17.4 

4.9 
2.8 

61.8 
35.9 

7.3 
7.1 

24.7 

26*7 I 
6-29 0736 S Surf 20.6 7.2 92.6 7.5 22.5 

Station C (continued) I 

20 	 5 20.6 7.2 92.5 7.6 

10 20.6 7.1 91.9 7.6 

15 20.6 7.0 90.4 7.6 22.4 


7-3 1313 S Surf 24.7 8.2 105.4 7.4 11.9 I 
5-10 5 22.8 7.1 92.3 7.4 18.5 

10 21.2 5.4 69.8 7.2 
15 18.9 3.4 43.3 7.0 26.6 
18 18.9 3.3 41.2 7.0 26.2 

18 19.3 3.8 49.1 7.2 


7-8 0937 Light, Surf 23.3 7.7 98.8 7.7 17.1 1 
15 20.3 3.1 40.0 7.1 25.4 1 
19 18.3 2.7 34.1 7.0 28.5 

7-13 0918 sw Surf 
5 

22.0 
21.9 

7.7 
7.6 

101.7 
100.5 

7.7 
7.7 23.0 I 

10 21.4 7.0 91.2 7.7 23.2 
15 20.7 4.9 64.0 7.4 
19 18.7 1.6 20.3 7.1 

7-17 0835 SW Surf 24.6 7.7 105.8 7.8 23.7 
2 5 

10 
24.2 
23.9 

8.1 
6.7 

111.0 
91.4 

7.9 
7.8 24.6 

15 20.1 4.2 53.8 7.4 25.9 

variable 	 5 23.3 9.1 117.9 8.1 18.4 
10 22.1 7.3 95.2 7.9 22.1 

7-22 1024 sw Surf 24.5 8.9 124.0 8.0 25.1 1 
15 	 5 24.4 8.9 123.5 8.O 25.1 

10 24.3 8.7 120.3 8.0 25.2 
15 21.5 5.3 69.9 7.4 27.7 I 
18 21.3 5.0 66.3 7.4 27.9 


I 

I 




Appendix Table Al .  Hydrographic data, January-December1998 (continued). 

Station C (continued) 
Temp Do Percent salinity 

Date Time Wind ( 0 0  (DDIll) Saturation DH ~doo~ 
7-27 0909 sw Surf 24.1 8.6 117.8 8.2 24.5 

5-10 5 24.0 8.5 116.5 8.2 24.6 
10 23.6 6.3 86.1 7.9 25.3 
15 22.0 2.6 33.5 7.6 26.4 
18 21.8 2.4 31.2 7.5 26.5 

7-3 1 1023 NE Surf 25.0 7.2 101.6 7.7 27.1 
15 5 25.0 7.2 101.9 7.7 27.3 

10 24.8 7.4 104.9 7.7 27.5 
15 23.6 4.9 67.8 7.3 28.7 
18 23.2 4.3 59.4 7.2 29.1 

8-5 1150 sw Surf 26.1 7.6 110.8 7.9 27.2 
5-10 5 25.6 7.0 100.4 7.8 27.7 

10 24.8 5.4 77.5 7.5 28.5 
15 22.1 3.5 47.5 7.2 30.2 

8-10 0910 wsw Surf 24.3 6.6 92.3 8.0 26.9 
-12 5 24.3 6.5 89.9 8.0 26.9 

10 24.2 6.2 86.3 8.0 26.9 
15 24.2 6.0 83.2 7.9 26.9 
20 24.2 5.7 78.6 7.9 26.9 

8-14 0948 sw Surf 24.0 6.5 91.5 7.5 29.5 
2 5 24.0 6.4 91.1 7.5 29.6 

10 24.0 6.3 87.9 7.5 30.5 
15 23.9 6.3 83.3 7.5 29.9 
19 23.8 5.9 82.7 7.5 30.0 

8-19 0958 Nw Surf 23.3 7.2 98.1 7.9 27.1 
20 5 23.8 6.0 83.0 7.9 26.8 

10 24.0 5.8 80.5 7.9 27.0 
15 23.4 5.2 71.1 7.8 27.6 
17 23.1 4.5 62.2 7.8 27.7 

8-24 1207 sw Surf 26.4 6.7 %.9 8.0 26.6 
10-15 5 24.6 5.2 86.8 8.0 26.3 

10 24.1 6.8 94.4 8.0 26.5 
15 23.9 6.6 91.4 8.0 26.9 
19 23.7 6.7 92.3 8.0 27.0 

8-3 1 0846 sw Surf 24.4 8.1 112.3 8.0 26.4 
10-15 5 24.6 5.1 112.4 8.0 26.3 

10 24.6 7.0 97.8 7.9 26.9 
15 23.3 5.5 74.2 7.7 27.7 
16 22.9 4.3 59.3 7.7 27.9 

9-3 1127 Light, Surf 25.1 7.3 103.4 7.9 28.7 
Variable 5 25.0 7.2 102.8 8.0 28.7 

10 24.8 7.3 103.8 8.0 28.7 
15 23.6 6.1 84.6 7.7 29.4 
16 23.1 4.2 57.6 7.5 29.8 



28.8 

IAppendix Table Al. Hydrographic data,Janwy-December 1998 (continued). 

Station C (continued) 
Depth Temp Do Percent salinity 

Date Time Wind (A) (“0 (DDm) Saturation DH 
9-8 1424 Nw Surf 23.6 6.6 91.4 7.8 29.4 -12 5 23.8 5.9 82.6 7.8 29.3 

10 23.7 5.8 81.3 7.8 29.2 
15 22.6 5.5 76.1 7.8 29.9 I 

9-11 1633 WNW Surf 23.8 7.4 103.7 7.9 29.4 1 
-9 5 22.6 6.8 93.5 7.8 29.5 

10 21.9 6.4 87.1 7.8 29.5 
15 21.4 6.2 82.8 7.8 

16 22.6 5.3 73.2 7.8 29.9 


29s I
9-17 1202 wsw Surf 23.3 8.4 116.4 7.9 29.1 

-8 	 5 22.9 8.2 113.2 7.9 29.1 
10 22.7 8.0 109.7 7.9 29.6 1 
15 21.1 7.2 96.6 7.8 30.4 
16 21.0 6.6 88.0 7.8 30.4 

9-21 0904 ssw Surf 22.2 8.2 112.4 8.1 29.8 -10 5 22.2 83 113.6 8.1 29.7 
10 22.2 8.3 113.0 8.1 

15 21.9 8.0 108.5 8.0 


9-25 1205 S Surf 20.7 9.0 119.9 8.1 29.7 I 
5-15 5 20.7 9.1 121.0 8.1 29.6 

10 20.7 9.1 121.2 8.1 29.6 
15 20.7 9.1 120.4 8.1 
20 20.7 8.9 118.5 8.1 

9-30 0813 Calm Surf 21.3 7.2 96.8 7.6 
5 21.3 7.2 97.4 7.6 
10 21.1 7.2 97.3 7.6 30.7 
15 21.1 6.3 85.5 7.5 30.1 
16 21.0 6.2 84.6 7.5 

20 22.7 6.8 94.1 8.1 29.9 


10-27 
0-5 5 

10 
14.2 
14.7 

10.0 
9.8 

115.8 
115.1 

8.0 
8.0 

27.8 
28.4 I 

15 14.8 9.3 110.1 8.0 29.5 

11-16 1316 sw 
15-20 

19 

Surf 
5 

14.5 

12.5 
12.7 

8.9 

10.9 
10.7 

105.4 

122.1 
121.2 

8.0 

8.1 
8.1 

30*3 I 
28.6 

10 11.5 10.6 117.1 8.1 
15 11.1 10.1 110.5 8.0 29.3 

1327 E Surf 14.4 10.4 120.6 8.0 27.8 

12-17 1141 sw Surf 8.0 22.0 222.4 8.2 27.9 
-10 5 9.0 21.0 218.4 8.2 28.4 

10 8.4 21.1 216.5 8.2 28.4 
15 7.8 20.2 205.3 8.2 29.4 
16 7.5 19.9 201.6 8.2 

~~ ~.- -.---* -- - __ 



I 

M Appendix Table Al. Hydrographic data,January-December1998 (continued). 

II 
i 
II 
B 

I 

I 

D 

@ 

E 


8. 

II 
I 
1E 
2 


Station A' 

Date Time Wind 
Depth 

(ft) 
Temp 
("C) 

Do 
(DDm) 

Percent 
Saturation DH 

salinity 
(oleo) 

1-15 1218 NE Surf 9.3 10.3 108.1 7.7 27.9 
5-10 5 9.0 10.3 107.7 7.8 28.0 

10 8.0 10.4 106.3 7.8 28.2 
15 5.5 10.4 101.2 7.8 29.5 
17 5.3 10.4 100.8 7.8 29.5 

2-17 1144 E Surf 5.7 11.2 107.4 7.8 25.2 
10-15 5 7.2 10.9 108.7 7.8 27.1 

10 7.1 10.6 106.1 7.8 27.8 
15 5.9 10.5 102.6 7.8 28.9 
20 4.2 10.3 97.3 7.8 29.7 

3-2 1315 W Surf 7.3 10.5 102.3 7.7 22.5 
5 5 8.7 10.2 104.1 7.7 24.5 

10 10.4 9.7 103.4 7.7 25.7 
15 8.8 9.8 101.5 7.8 26.5 
20 8.1 10.0 101.3 7.8 26.7 
21 8.3 9.7 99.4 7.8 26.7 

3-6 1154 NE Surf 7.8 9.4 95.2 7.8 27.0 
15-20 5 9.3 9.3 97.0 7.8 27.1 

10 6.9 9.3 92.5 7.8 28.3 
15 6.6 9.2 91.3 7.8 28.1 
20 5.3 9.3 89.4 7.8 29.1 

3-16 1235 N Surf 8.3 10.1 100.6 7.6 23.0 
10-15 5 7.6 10.2 99.2 7.7 22.6 

10 9.2 10.0 102.1 7.7 23.6 
15 8.5 9.9 loo. 1 7.7 24.4 
17 8.4 9.9 99.2 7.7 24.3 

3-20 1313 NE Surf 7.6 8.3 88.3 7.5 26.1 
15-20 5 6.6 7.7 83.4 7.6 26.7 

10 8.5 7.9 87.4 7.5 26.4 
15 7.5 7.6 86.1 7.6 28.1 
18 5.3 7.6 80.2 7.6 30.7 

3-25 1412 sw Surf 9.2 10.6 109.0 8.7 26.2 
15-20 5 9.1 10.7 108.6 8.7 25.9 

10 9.1 10.4 106.7 8.7 27.4 
15 7.6 10.6 106.0 8.7 28.7 
20 5.4 10.7 103.3 8.7 30.5 
23 5.4 10.7 102.8 8.7 30.6 

1046 sw Surf 11.8 10.1 108.1 8.7 24.1 

3-30 10-15 5 
10 

11.6 
11.4 

10.0 
9.9 

106.5 
105.6 

8.7 
8.7 

24.3 
24.8 

15 8.5 10.4 106.0 8.7 28.4 
19 7.2 10.5 104.5 8.7 29.3 

I 
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I
Appendix Table Al. Hydrographic data, January-December 1998(continued). 

Station A' (continued) 
Depth Temp Do Percent salinity 3 

Date 
4-3 1108 W 

5-10 
surf 
5 

10.4 
10.3 

9.5 
9.5 

99.5 
99.0 

7.5 
7.4 

25.; 
25.4 I 

10 8.5 9.4 %.5 7.4 29.3 
15 8.4 9.1 93.9 7.4 
19 8.3 9.0 92.6 7.4 

4-8 1021 E 
5 

Surf 
5 

11.2 
11.4 

9.6 
9.5 

102.9 
102.2 

7.4 
7.5 

25.9 
26.0 1 

10 9.8 9.4 100.0 7.5 29.5 
15 7.3 9.7 97.9 7.5 31.3 

4-13 1054 . N E  Surf 10.4 9.3 99.3 7.5 29.1 
5 
10 
15 

10.5 
10.1 
9.1 

9.1 
9.0 
9.1 

97.8 
96.5 
95.7 

7.5 
7.5 
7.5 

29.2 
30.2 
30.4 I 

4-17 1200 sw 
20 

Surf 

7.8 

14.5 

9.1 

8.4 

93.4 

95.1 

7.5 

7.6 

30.9 

24.3 I 

Time Wind (fiI ("CI (DVrnI Saturation DH ~doo 

15-20 	 5 14.3 8.4 94.9 7.6 24.6 
10 11.5 8.9 95.0 7.7 24.9 
15 10.7 9.0 94.5 7.6 26.0 
20 8.9 8.8 91.1 7.6 29.1 1 

4-21 1331 sw Surf 13.1 9.3 99.1 7.5 
10-15 5 13.7 8.9 97.4 7.5 

10 11.6 8.9 96.1 7.6 26.0 
15 10.1 8.7 91.6 7.5 27.9 
18 9.9 8.6 89.6 7.6 

4-27 1244 N Surf 13.9 8.4 95.0 7.5 26.6 
10-15 5 14.0 8.4 94.8 7.6 

10 13.7 8.4 94.3 7.6 
15 12.5 8.5 93.3 7.6 27.1 
18 11.7 8.6 93.7 7.6 

, 5-1 1129 sw Surf 13.8 8.9 99.7 7.5 22.3 
10-15 5 13.8 8.9 99.0 7.5 22.3 

10 13.5 8.7 96.5 7.5 
15 11.5 8.3 90.5 7.5 26.7 
20 11.5 8.1 87.8 7.5 26.6 
23 11.4 8.1 88.5 7.5 

5 4  1354 SE Surf 15.7 8.7 98.0 7.5 18.0 I 
10-15 5 15.8 8.5 97.1 7.5 

10 13.6 8.1 92.8 7.5 
15 11.9 8.0 88.8 7.5 28.2 
17 11.9 7.8 86.5 7.5 28.1 

I 
~ .~ -_
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E Appendix TableAl. Hydrographic data,January-December1998 (continued). 

a 
1 
c 
I 
IT 

Station A' (continued) 
Temp m Percent salinity 

Date 
5-13 

Time 
1053 

Wind 
NE 

(ft) 
Surf 

("0 (DDml
12.6 8.8 

Saturation 
96.2 

DH 
7.6 

~dool 
24.4 

20-25 5 12.5 8.8 96.7 7.5 24.4 
10 14.3 8.5 97.8 1.5 25.6 
15 12.8 8.5 95.0 7.6 27.5 
20 11.3 8.6 94.4 7.6 28.2 

5-18 1358 W Surf 17.7 9.2 109.9 7.7 21.4 
15-20 5 17.5 9.0 108.5 7.7 23.3 

10 15.4 9.3 107.7 7.7 24.0 
15 13.7 8.6 98.2 7.6 26.7 
20 12.4 8.3 93.2 7.5 28.1 
22 12.3 7.7 86.5 7.5 28.2 

5-22 loo1 N Surf 19.1 7.6 95.8 7.7 24.9 
15-20 5 18.0 7.7 95.0 7.7 24.6 

10 16.9 7.3 94.4 7.6 25.7 
15 14.4 6.9 80.0 7.5 27.0 

A 
I 
s 
I 

f 

I 5-26 1157 sw Surf 20.3 7.3 98.8 7.7 25.1 
10-15 5 20.2 7.2 93.0 7.7 25.1 

10 19.9 7.2 92.2 7.7 25.3 
15 18.6 7.2 90.9 7.7 25.8 
17 17.0 7.4 90.6 7.7 26.3 

6-1 1033 sw Surf 22.6 7.1 94.9 7.8 24.3 
10-15 5 22.0 7.3 %.5 7.8 24.5 

10 20.9 7.5 97.3 7.8 24.9 
15 19.5 7.6 96.9 7.8 25.3 
18 19.5 7.5 95.5 7.8 25.8 

6-5 1013 W Surf 20.4 7.4 101.5 8.0 26.0 
20-30 5 20.6 7.4 101.4 8.0 25.9 

10 19.7 7.6 102.2 8.0 26.0 
15 19.7 7.6 102.5 8.0 26.1 
17 19.5 7.7 102.8 8.0 26.2 

6-10 1233 sw Surf 21.3 7.9 107.2 7.9 27.5 
10-15 5 20.9 8.1 108.4 7.9 27.5 

10 20.1 8.2 107.6 7.9 27.6 
15 18.4 7.9 100.9 7.9 28.0 
17 18.1 7.6 96.9 7.9 28.1 

I 
I 6-16 1223 S Surf 19.2 7.7 91.2 7.3 13.3 

15 5 18.9 7.4 88.5 7.2 15.4 
10 19.9 6.9 86.6 7.4 19.1 
15 17.7 6.5 81.5 7.5 27.4 
19 16.2 6.0 73.7 7.5 29.4 

1 

I 
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Appendix TableAl. Hydrographicdata,January-December1998 (continued). 

Station A' (continued) 

Date 
6-19 

Time 
1317 

Wind 
S 

(A)
Surf 

("C)
23.5 

(DDlIl)
7.3 

Saturation 
93.6 

DH 
6.9 

(oh) L 
11.1 I 

10 5 24.5 7.3 96.5 7.2 14.8 
10 22.7 6.8 90.4 7.3 20.5 
15 18.3 5.6 70.1 7.3 
18 18.0 5.0 63.1 7.3 

&Pa Temp Do Percent salinity 

6-24 S Surf 22.7 5.8 77.1 7.2 
15 5 23.0 5.9 79.3 7.2 

10 23.1 5.8 76.9 7.3 19.9 
15 22.5 5.2 69.2 7.2 21.8 
20 21.5 4.5 58.7 7.2 

6-29 0755 S Surf 20.1 7.4 94.0 7.6 22.3 
20 5 20.1 7.3 93.5 7.6 

10 20.1 7.3 92.8 7.6 22.4 
15 20.1 7.2 91.8 7.6 22.2 
18 20.1 7.2 92.2 7.6 

7-3 1324 S Surf 25.0 7.4 95.6 7.1 11.1 I 
5-10 5 25.1 6.5 86.6 7.2 16.9 

10 22.3 5.6 72.9 7.2 
15 19.4 4.9 61.8 7.2 26.1 
20 18.8 4.4 55.3 7.2 27.1 
23 18.8 4.2 52.8 7.1 

7-8 0949 SE Surf 24.1 8.7 114.8 8.0 18.2 
5 5 24.5 6.5 87.9 7.6 20.6 

10 24.8 5.4 74.6 7.3 22.6 
15 22.2 4.7 61.9 7.2 25.1 
19 19.5 3.4 43.4 7.1 27.4 

7-13 0935 sw Surf 22.3 7.8 103.6 7.7 22.6 1 
10-15 5 22.1 7.3 97.5 7.7 22.6 

10 21.8 6.7 87.8 1.6 
15 20.1 4.9 63.1 7.4 
20 19.0 2.8 35.3 7.2 26.5 

7-17 0840 sw 

24 

Surf 

19.0 

24.9 

2.6 

7.5 

33.6 

104.2 

7.2 

7.9 23.5 I 
2 5 

10 
15 

25.2 
25.0 
22.2 

7.1 
7.3 
4.5 

98.2 
100.6 
65.1 

7.8 
7.8 
7.4 

23.8 

23*7 I 

27.2 1 

7-22 1035 sw Surf 27.0 7.0 101.2 7.8 25.6 
15 5 26.6 6.9 99.5 7.8 25.8 I 

10 26.5 6.7 96.0 7.7 25.9 
15 22.9 5.8 78;6 7.5 27.2 
17 21.9 4.6 61.4 7.4 

. .-. 



1Appendix Table Al.  Hydrographic data,Janmy-December 1998 (continued). 

Station A' (continued) 
Depth Temp Do Percent salinity 

Date 
7-27 0926 sw Surf 24.2 8.5 117.6 8.2 24.7 

5-10 5 24.2 8.6 117.5 8.2 24.6 
10 24.0 7.8 106.9 8.1 24.7 
15 23.9 7.6 102.9 8.1 24.8 
19 22.4 3.2 42.5 7.6 26.3 

1038 NE Surf 26.7 6.4 94.4 7.6 27.3 
' 15 5 26.1 6.7 97.2 7.7 27.3 

10 25.3 6.8 97.2 7.7 27.4 
15 23.7 5.O 69.8 7.3 27.9 
18 23.3 4.1 57.0 7.2 28.9 

1146 sw Surf 26.5 6.2 89.6 7.7 26.6 
5-10 5 26.5 6.3 92.4 7.7 27.9 

10 26.3 6.1 89.2 7.7 28.0 
15 24.0 4.6 65.1 7.4 29.2 

0927 wsw Surf 25.7 6.4 90.7 8.0 26.8 

Time Wind (ft) ("C) (DDm) Saturation DH (doe) 

-12 5 25.6 6.2 88.6 8.0 26.8 
10 25.6 6.2 88.6 8.0 26.7 
15 25.2 6.3 88.9 8.0 26.7 
20 24.7 6.3 87.9 8.0 26.7 

1 

0937 sw Surf 24.2 6.3 89.3 7.5 29.6 
2 5 24.1 6.3 90.0 7.5 29.7 

10 24.1 6.4 90.7 7.5 29.7 
15 24.0 6.3 89.5 7.5 29.6 

1017 Nw Surf 25.4 5.3 75.4 7.8 27.1 
20 5 25.5 52 74.7 7.8 27.2 

10 24.9 5.5 78.1 7.8 27.1 
15 25.3 5.3 75.1 7.8 27.2 
17 25.4 5.2 74.6 7.8 27.1 

1218 sw Surf 27.2 6.3 91.3 8.0 26.6 
10-15 5 26.9 6.3 91.4 8.0 26.6 

10 25.9 6.0 86.3 8.0 26.8 
15 25.6 6.2 87.4 8.0 26.5 
19 24.6 6.1 85.3 8.0 26.5 

0858 sw Surf 27.1 6.3 92.6 7.9 26.9 
10-15 5 26.7 6.3 91.5 7.9 26.8 

10 26.2 6.1 88.1 7.9 27.0 
15 24.2 4.7 64.9 7.8 27.7 

1 9-3 1148 SSE 

16 

Surf 

22.9 

25.3 

4.0 

7.4 

54.8 

105.5 

7.7 

8.0 

28.0 

28.6 
-5 	 5 25.3 7.2 102.6 7.9 28.7 

10 25.3 7.3 104.1 8.0 28.6 
15 24.2 6.9 97.1 7.8 28.9 
16 23.3 5.0 70.1 7.5 29.7c 

5 



29*3 

29.7 

Appendix Table Al. Hydrographic data,Jan--December 1998 (continued). 

Station A' (continued) 
Temp Do Percent salinity R 

Date Time Wind ("C) (DDm) Saturation DH (oleo 
9-8 1436 Nw Surf 24.4 5.7 80.5 7.8 29.2 1 

-12 5 24.5 5.1 72.4 7.8 29.3 
10 24.3 5.1 71.5 7.8 29.4 
15 24.3 5.1 71.5 7.8 
16 24.4 5.0 71.3 7.8 29.3 I 

9-11 , 1643 WNW Surf 25.2 7.5 107.7 7.9 29.4 -10 5 24.5 7.6 108.2 7.9 29.3 J 
10 24.3 7.6 107.6 7.9 29.4 
15 23.5 7.6 106.4 7.9 29.3 

9-17 1218 wsw Surf 23.3 7.1 98.5 7.9 29.7 1 
-8 5 23.9 6.8 95.0 7.9 29.5 

10 23.5 6.7 93.5 7.9 
15 22.7 6.5 89.9 7.8 
16 22.3 6.2 84.3 7.8 29.9 

9-21 0916 ssw Surf 24.3 6.4 90.1 8.1 29.8 4 -10 5 24.2 6.6 92.8 8.1 30.0 
10 24.2 6.6 92.7 8.1 29.8 
15 23.7 6.6 92.4 8.1 
20 22.5 6.7 91.2 8.1 29*7 I 

9-25 1212 S Surf 23.3 8.0 111.2 8.0 
5-15 5 22.9 8.0 110.7 8.0 

10 21.9 8.3 112.0 8.1 29.5 
15 20.9 8.4 111.6 8.1 29.5 
19 20.9 8.3 110.9 8.1 

9-30 0828 Calm Surf 22.3 7.3 100.2 7.6 29.9 
5 22.9 7.2 100.5 7.6 
10 21.9 7.3 100.4 7.6 
15 21.1 7.4 99.9 7.6 30.0 
17 21.2 7.3 98.6 7.6 

, 10-27 1301 E 
0-5 

Surf 
5 

19.8 
17.4 

8.8 
9.5 

114.1 
117.3 

8. 
8.0 

28.9 
28.5 

10 15.3 9.6 114.1 8.0 
15 14.5 9.1 107.7 8.0 30.2 

11-16 1323 sw 
19 

Surf 

14.4 

12.4 

8.7 

8.7 

102.8 

97.9 

8.0 

8.1 

30.3 

28.8 1 
15-20 5 

10 
15 

12.2 
12.1 
11.3 

8.6 
8.5 
8.4 

96.2 
94.8 
91.8 

8.1 
8.1 
8.1 

28.8 
28.8 
28.8 1 

12-17 1222 sw Surf 11.7 18.4 203.6 8.1 28.8 
"10 5 11.3 18.2 198.6 8.1 

10 10.3 18.0 192.1 8.1 
15 8.0 18.1 184.6 8.2 29.3 

1 
~~ _ _ _ _  ._-



I
Appendix Table Al. Hydrographic data,January-December 1998(continued). 

Station I 

I 

I 
, e  
E 
I 

Date Time Wind 
NE 

Depth
(fi) 
Surf 

Temp 
("C) 
4.5 

Do 
(DDm) 
10.7 

Percent 
Saturation 
100.3 

DH 
7.7 

salinity 
(O/oo\ 
27.5 

1-15 1346 10-15 5 4.6 10.4 99.4 7.8 29.6 
10 4.5 10.4 99.1 7.8 29.4 
15 4.3 10.4 98.8 7.8 29.8 
20 4.3 10.4 98.7 7.8 30.6 
25 4.3 10.4 98.7 7.8 30.4 
30 4.4 10.3 98.4 7.8 30.1 
35 4.5 10.3 97.8 7.8 30.0 

2-17 1205 E Surf 3.6 11.2 100.2 7.8 23.8 
10-15 5 4.8 11.0 102.3 7.8 25.1 

10 4.4 10.4 98.1 7.8 29.2 
15 4.0 10.3 96.6 7.8 30.0 
20 3.8 10.2 95.8 7.8 30.7 
25 3.8 10.1 95.6 7.8 30.9 
30 3.8 10.0 94.8 7.8 31.4 
35 3.8 9.9 93.2 7.8 31.1 
39 3.9 9.6 91.4 7.8 31.8 

3-2 1056 N w  Surf 6.1 10.1 91.7 7.5 16.5 
5 5 5.8 10.0 92.5 7.6 20.1 

10 5.4 9..7 92.7 7.8 26.6 
15 5.0 9.6 91.7 7.8 29.0 
20 4.9 9.6 91.7 7.8 28.9 
25 4.6 9.7 92.5 7.8 29.7 
30 4.5 9.7 92.5 7.8 29.7 
35 4.5 9.7 92.1 7.8 30.1 
40 4.5 9.7 92.3 7.8 29.9 

3-6 1318 W Surf 8.0 10.1 99.5 8.2 23.0 
10-15 5 6.4 9.8 96.2 8.2 27.5 

10 5.3 9.4 91.0 8.1 29.0 
15 5.0 9.4 90.4 8.2 29.6 
20 4.8 9.4 90.5 8.3 30.1 
25 4.7 9.4 90.8 8.4 30.9 
30 4.6 9.3 89.7 8.2 31.5 
35 4.6 9.3 89.9 8.1 31.5 
39 4.6 9.4 90.8 8.2 31.9 

3-16 1006 N Surf 4.2 11.2 95.8 7.4 14.7 
10-15 5 4.5 10.9 96.3 7.4 18.9 

10 5.2 10.1 94.2 7.6 24.9 
15 4.3 10.0 92.8 7.7 26.7 
20 4.2 10.0 92.6 7.7 26.7 
25 4.5 9.7 91.3 7.7 27.9 
30 4.3 9.6 90.6 7.7 30.1 
35 4.3 9.6 91.3 7.7 30.0 
39 4.3 9.6 91.0 7.7 30.2 

5 




32.6 

26.3 

Appendix Table Al.  Hydrographic data,3 a n w - b m b e r  1998 (continued). 

Station I (continued) I 
Date 
3-20 

Time 
1324 

Wind 
NE 

(ff) 
Surf 

(DDftl) 
8.6 

Saturation 
90.0 

DH 
7.6 23.3 

15-20 5 5.1 8.4 87.0 7.6 23.3 
10 
15 
20 

5.2 
4.6 
4.6 

8.3 
7.7 
7.6 

86.0 
83.0 
83.0 

7.6 
7.6 
7.6 

24.3 

31.4 I 
25 4.6 7.9 85.0 7.7 32.6 
30 
35 

4.6 
4.6 

7.9 
7.8 

85.0 
85.0 

7.7 
7.7 i::: J 

40 4.6 7.6 82.0 7.7 32.7 

Depth Temp Do Percent salinity 

3-25 1539 sw Surf 7.5 11.3 108.4 8.7 21.5 I 
15-20 5 7.5 11.2 107.2 8.7 21.4 

10 5.7 10.9 105.5 8.7 29.6 
15 4.9 10.8 103.3 8.7 
20 4.8 10.6 101.9 8.7 
25 4.7 10.4 99.6 8.7 32.0 
30 4.7 10.3 98.4 8.7 
35 4.8 10.1 96.8 8.7 
39 4.8 9.8 94.3 8.7 32.5 

3-30 08 17 sw Surf 9.1 10.5 103.8 8.6 
10-15 	 5 7.7 10.3 102.4 8.6 27.2 

10 7.2 10.3 102.2 8.7 28.3 
15 6.9 10.3 102.3 8.7 29.3 
20 6.7 10.3 102.1 8.7 29.5 3 
25 6.7 10.3 101.8 8.7 29.5 
30 6.5 10.2 100.6 8.7 29.2 
35 6.6 10.2 100.3 8.7 29.6 d 
40 6.6 10.2 100.3 8.7 29.5 

4-3 
10-15 5 10.2 9.5 99.3 7.4 25-4 I 

10 
15 
20 

8.7 
8.3 
7.8 

9.2 
9.1 
9.1 

95.3 
93.8 
93.5 

7.4 
7.4 
7.4 

29.2 
29.8 
31.1 I 

25 
30 
35 

7.3 
7.3 
7.1 

9.1 
9.1 
9.2 

93.2 
93.0 
93.0 

7.4 
7.5 
7.5 

32.3 
32.4 
32.1 1 

40 7.0 9.1 92.7 7.5 32.5 

4-8 0859 E 
10-15 

Surf 
5 

9.1 
8.8 

10.3 
9.8 

102.3 
100.3 

7.4 
7.5 

20.9 
26.8 [ 

1231 W Surf 10.6 9.3 98.1 7.4 

10 8.3 9.8 loo. 1 7.5 28.7 
15 7.5 9.7 98.4 7.5 
20 7.2 9.5 96.2 7.5 
25 6.7 9.4 95.1 7.5 32.7 
30 6.7 9.4 94.3 7.5 32.8 
35 6.6 9.3 93.4 7.5 
38 6.6 9.1 91.9 7.5 32.9 

1 
... " -
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Appendix Table Al. Hydrographic data, Januy-December 1998 (continued). 

I Station I (continued) 
Depth Temp Do Percent salinity 

Date 
4-13 1104 NE Surf 9.2 9.5 97.2 25.5 

20-25 5 8.8 9.4 95.7 7.5 26.5 
10 8.3 9.2 95.1 7.5 30.6 
15 8.0 9.1 93.7 7.5 31.2 
20 7.7 9.1 92.9 7.5 31.2 
25 7.5 9.0 92.1 7.5 32.1 
30 7.3 9.0 91.7 7.5 32.3 
35 7.2 8.8 90.1 7.5 32.5 
40 7.1 8.7 88.4 7.5 32.2 

4-17 1318 SE Surf 11.4 8.9 93.8 7.6 22.9 
20-25 5 11.4 8.9 93.8 7.6 23.3 

10 11.4 8.8 93.7 7.6 24.7 
15 11.1 8.9 93.7 7.6 25.4 
20 9.8 8.9 92.9 7.6 27.5 
25 8.5 9.0 92.5 7.7 29.6 
30 8.3 9.0 92.3 7.7 29.8 
35 8.0 8.9 90.6 7.6 30.2 
39 7.9 8.6 87.1 7.6 30.3 

4-21 1454 W Surf 13.7 9.3 98.7 7.5 16.7 
15-20 5 13.6 9.1 96.2 7.4 17.1 

10 11.0 9.1 95.5 7.6 25.0 
15 10.6 9.0 94.6 7.6 25.9 
20 9.9 8.9 93.3 7.6 28.0 
25 9.4 8.8 92.2 7.6 29.2 
30 9.1 8.7 90.3 7.6 29.6 
35 8.8 8.7 90.0 7.6 29.9 
39 8.7 8.7 89.8 7.6 30.1 

4-27 1008 Nw Surf 10.9 9.1 94.8 7.6 23.9 
15-20 5 11.1 8.8 92.5 7.6 25.3 

10 10.5 8.6 91.1 7.6 27.5 
15 10.5 8.6 90.7 7.6 27.6 
20 10.5 8.6 90.8 7.6 27.6 
25 10.3 8.7 91.8 7.6 27.9 
30 10.1 8.7 92.2 7.6 28.3 
35 10.1 8.8 92.5 7.7 28.2 
40 9.8 8.5 89.1 7.6 28.5 

1248 sw Surf 13.8 9.4 103.6 7.5 20.7 
10-15 5 13.4 9.2 101.3 7.5 21.3 

10 11.9 8.9 96.7 7.5 26.1 
15 11.1 8.8 95.2 7.5 27.7 
20 10.7 8.9 95.7 7.6 28.2 
25 10.6 8.9 95.5 7.6 28.5 
30 10.5 8.8 95.2 7.6 28.4 
35 10.5 8.8 94.5 7.6 28.5 
40 10.4 8.7 93.6 7.6 28.5 
41 10.4 8.6 92.9 7.6 28.6 

Time Wind (A) ("0 (DDm) Saturation ( O h )  

1 
I 
II 
I 
I 
1 
1 
s 
I 



29.8 

28.9 

26.6 

25.4 

Appendix Table Al.  Hydrographic data,January-December1998 (continued). I 
StationI (continued) 

Depth Temp Do Percent 
Date Time Wind (A) (“C) (DDrn) Saturation DH 
5 6  1519 SE Surf 15.8 8.9 99.8 7.5 17.4 

10-15 	 5 15.5 8.7 97.8 7.5 
10 12.8 8.3 92.7 7.5 
15 12.2 8.2 91.2 7.5 28.1 
20 11.9 8.2 90.5 7.5 28.5 
25 11.2 8.2 90.I 7.6 
30 10.8 8.2 90.0 7.6 29*3 1 
35 10.3 8.3 89.8 7.6 30.5 
39 10.2 8.2 88.6 7.6 

30.8 I5-13 
1520 5 

10 
11.8 
11.6 

8.8 
8.5 

94.1 
92.9 

7.5 
7.6 

23.7 
26.6 I 

15 11.5 8.4 92.0 7.6 28.1 
20 
25 
30 

11.4 
11.3 
11.2 

8.3 
8.3 
8.3 

91.6 
91.6 
91.5 

7.6 
7.6 
7.6 

28.7 

29.2 J 
35 11.2 8.3 91.3 7.6 29.5 
39 11.1 8.3 91.2 7.6 

5-18 1425 sw Surf 16.1 9.1 104.9 7.5 19.9 

0817 ENE Surf 11.8 8.8 94.9 7.6 23.3 

5-10 5 
10 

15.3 
15.1 

9.1 
8.9 

104.3 
101.9 

7.6 
7.6 

21.5 
22.3 I 

15 12.6 8.2 93.2 7.5 27.9 J 

20 
25 
30 

12.3 
12.0 
11.7 

8.1 
8.2 
8.1 

90.0 
91.5 
90.4 

7.6 
7.6 
7.6 

28.4 
28.9 
29.4 I 

35 11.6 8.1 89.4 7.6 29.3 
40 
44 

11.5 
11.6 

7.8 
7.6 

86.7 
84.7 

7.6 
7.6 

29.5 
29.4 1 

5-22 093 1 N 
15-20 

Surf 
5 
10 

16. 
15.8 
14.6 

8.2 
7.9 
7.4 

97.2 
92.9 
86.7 

7.6 
7.5 
7.5 

24.6 

25.0 I 
15 13.7 7.4 84.7 7.5 27.7 
20 13.4 7.4 84.5 7.5 
25 13.0 7.5 85.1 7.5 
30 
35 
37 

12.6 
12.4 
12.4 

7.4 
7.4 
7.2 

83.8 
83.4 
80.9 

7.5 
7.5 
7.5 

28.8 
29.1 
29.0 1 

5-26 1230 SW 
10 

surf 
5 
10 

18.2 
17.8 
16.8 

8.2 
8.1 
7.7 

101.0 
98.9 
93.2 

7.7 
7.7 
7.7 

24.4 

24-8 I 
15 16.5 7.5 90.4 7.7 25.3 
20 15.0 7.7 90.4 7.7 27.3 
25 14.6 7.7 89.8 7.8 27.7 1 
30 14.3 7.6 88.8 7.7 28.1 
35 14.2 7.4 86.4 7.7 27.7 

d 

1 
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Appendix Table Al.  Hydrographic data, January-December 1998 (continued). 

Station I (continued) 

Date 
6-1 

Time 
1039 

Wind 
sw 

Depth 
(A) 

Surf 

Temp Do 
("C) (DDrn) 
19.9 7.5 

Percent 
Saturation 

96.0 
DH 
7.8 

Salinity 
(O/Oo) 
24.0 

10-15 5 19.8 7.5 95.6 7.8 24.2 
10 19.7 7.4 94.6 7.8 24.4 
15 19.5 7.4 93.4 7.8 24.6 
20 18.2 6.8 85.4 7.7 26.2 
25 16.7 6.8 83.O 7.6 27.5 
30 16.4 6.7 81.5 7.6 27.7 
35 16.3 6.7 80.8 7.6 27.7 

6-5 1018 W Surf 18.3 7.8 101.7 8.0 24.3 
20-30 5 18.5 7.7 99.7 8.0 24.7 

10 19.4 7.3 96.8 7.9 25.6 
15 18.1 6.3 82.3 7.7 27.3 
20 17.6 5.9 77.8 7.6 28.5 
25 16.9 5.7 74.3 7.6 29.1 
30 15.7 5.7 72.4 7.6 30.1 
35 14.8 5.2 65.7 7.5 30.9 

6-10 1338 sw Surf 19.1 8.1 105.6 7.8 27.8 
10-15 5 18.8 8.2 105.4 7.8 27.7 

10 18.7 8.1 104.2 7.8 27.8 
15 15.0 6.9 83.5 7.6 30.5 
20 14.2 6.5 78.4 7.6 31.4 
25 13.7 6.5 77.8 7.6 31.9 
30 13.6 6.4 76.2 7.5 32.3 
35 12.9 6.2 73.4 7.5 32.9 
36 12.8 6.0 70.9 7.5 33.0 

6-16 1256 S Surf 19.3 8.5 99.6 7.2 11.0 
10 5 19.2 7.8 93.1 7.3 12.7 

10 18.6 6.9 84.5 7.4 20.9 
15 17.7 6.4 81.0 7.5 27.6 
20 16.1 6.5 80.5 7.5 29.5 
25 15.7 6.7 81.9 7.6 30.3 
30 15.5 6.6 80.9 7.6 30.4 
35 15.2 6.3 76.3 7.5 30.5 
40 15.1 5.6 684 7.5 30.6 
43 15.1 5.6 67.5 7.5 30.5 

6-19 1323 S Surf 25.2 9.7 127.5 7.8 10.6 
10 5 22.4 7.8 98.8 7.4 13.4 

10 18.7 5.9 74.2 7.3 22.7 
15 17.4 5.4 67.2 7.4 27.4 
20 16.9 5.3 65.9 7.4 28.4 
25 15.9 5.8 70.9 7.5 30.0 
30 15.3 5.6 68.7 7.5 30.7 
33 15.2 5.6 68.0 7.5 30.8 



Appendix Table Al. Hydrographic data,January-December1998 (continued). 

Station J (continued) I
Temp Do Percent salinity 

Date Time Wind (A) ("C) (DDm) Saturation DH (o/oo 
6-24 1016 S surf 20.7 6.7 83.5 7.2 17.2 

' 15 	 5 20.7 6.6 83.3 7.3 18.2 I 
10 20.8 6.4 81.2 7.3 18.7 
15 20.3 5.5 69.9 7.2 
20 18.0 4.9 61.5 7.3 25.6 
25 17.4 5.1 63.1 7.3 26.7 
30 17.0 5.2 63.9 7.4 
35 16.8 5.2 63.8 7.4 

6-29 8015 S Surf 19.9 6.7 85.6 7.4 21.8 1 
20 5 20.0 6.7 85.5 7.4 21.8 

10 20.1 6.7 85.1 7.4 21.9 
15 20.3 6.4 82.2 7.5 
20 18.4 5.7 72.3 7.5 27.2 
25 17.0 6.2 77.5 7.6 30.0 
30 16.8 6.3 79.8 7.6 
35 16.7 6.3 78.6 7.6 
36 16.7 6.2 77.9 7.6 30.6 

37 16.6 5.1 63.1 7.4 28.1 

7-3 1331 S Surf 26.9 7.9 105.3 7.3 
5-10 5 22.6 7.0 89.2 7.3 

10 19.3 5.4 68.1 7.2 26.1 
15 18.8 4.9 61.0 7.2 
20 18.6 4.8 60.5 7.3 
25 
30 
35 

17.3 
16.5 
16.3 

5.0 
5.4 
5.5 

62.1 
66.6 
67.7 

7.3 
7.4 
7.4 

30.2 
31.4 
32.0 1 

39 16.2 5.5 68.0 7.4 31.8 

7-8 0914 Light 
variable 

Surf 
5 

22.4 
22.2 

8.1 
7.1 

100.3 
89.0 

7.4 
7.4 

13.9 
16.3 1 

10 
15 
20 

20.7 
19.2 
18.7 

5.7 
5.0 
4.6 

72.6 
62.9 
57.5 

7.3 
7.2 
7.2 

22.0 
26.2 
27.3 1 

25 17.5 4.7 58.7 7.3 29.0 
30 16.8 4.8 59.7 7.3 30.2 
35 16.6 4.9 59.9 7.3 30.2 
40 16.4 4.8 59.3 7.3 30.7 

7-13 0945 sw surf 22.3 7.4 97.9 7.6 
10-15 5 21.5 5.8 76.3 7.5 

10 
15 
20 

20.3 
19.5 
18.4 

4.7 
4.0 
3.9 

60.5 
50.6 
48.9 

7.4 
7.3 
7.3 

25.3 
26.3 
27.7 1 

25 17.8 4.0 49.7 7.3 28.6 
30 17.7 4.0 49.9 7.3 28.9 -
35 16.3 3.8 46.8 7.3 
39 16.0 3.6 44.5 7.3 31.0 

_ "  - -3 . I- ~ ~ .. _. 



'Appendix Table A 1. Hydrographicdata, January-December 1998 (continued). 

I Station 1(continued) 
Depth Temp Do Percent salinity 

Date 
7-17 0853 sw Surf 24.4 7.3 99.8 7.7 22.6 

2 5 24.2 6.8 92.8 7.6 22.9 
10 23.5 5.7 76.9 7.6 24.4 
15 19.9 5.5 71.3 7.5 28.0 
20 19.0 5.1 65.0 7.4 28.7 
25 18.2 4.6 57.6 7.4 28.9 
30 17.5 4.1 50.4 7.3 29.4 
35 17.6 4.3 54.1 7.3 29.6 

7-22 1041 sw Surf 25.8 8.3 117.9 7.9 25.5 
15 5 25.2 7.8 109.8 7.9 25.4 

10 24.7 7.2 100.2 7.8 25.4 
15 24.8 7.0 97.3 7.8 25.7 
20 20.3 5.5 72.6 7.5 29.1 
25 20.1 5.4 70.6 7.5 29.2 
30 19.9 5.2 67.7 7.4 29.2 
35 19.1 4.9 62.6 7.4 29.6 
38 18.6 4.5 57.2 7.4 30.0 

7-27 0935 sw Surf 24.0 7.4 101.5 8.1 24.8 
5-10 5 24.0 6.7 92.5 8.0 25.0 

10 23.8 5.1 70.1 7.8 25.7 
15 21.9 5.0 66.0 7.8 26.6 
20 20.5 4.2 55.7 7.7 27.3 
25 20.2 4.3 55.1 7.7 27.6 
30 19.8 4.2 54.4 7.7 27.9 
35 19.5 4.2 54.4 7.1 28.1 
38 19.4 4.3 54.7 7.7 28.5 

10, NE SUI 24.5 6.8 95.0 7.7 26.1 
15 5 24.9 6.7 95.1 7.7 26.5 

10 23.5 4.7 65.3 7.3 28.7 
15 22.9 4.7 64.8 7.3 29.3 
20 21.8 5.0 68.0 7.4 30.3 
25 21.0 4.9 65.8 7.3 30.9 
30 20.4 5.1 68.1 7.4 31.3 
35 20.4 5.1 68.0 7.4 31.3 
36 20.3 5.1 68.1 7.4 31.3 

8-5 1256 sw Surf 25.2 6.5 92.3 7.6 27.1 
5-10 5 24.5 6.1 86.5 7.6 27.8 

10 23.6 5.2 73.1 7.5 28.8 
15 21.5 4.3 59.1 7.3 30.7 
20 20.6 4.2 55.9 7.3 31.3 
25 19.9 3.9 51.3 7.3 3 1.6 
30 19.3 3.7 48.6 7.3 31.9 
35 18.9 3.4 43.8 7.2 32.3 
37 18.9 3.2 41.2 7.2 32.3 

Time Wind (f�) ("C) (Dnm) Saturation DH (doe) 

. 
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Appendix Table Al.  Hydrographic data,January-December1998 (continued). 

Station I (continued) I 
Date 
8-10 

Time 
0935 

Wind 
WSW 

(ft)
Surf 

("C) 
25.3 

horn) 
5.9 

Saturation 
84.1 

DH 
7.9 

(o/oo 
26.: I 

...12 5 25.3 5.7 81.3 7.9 26.7 
10 
15 
20 

24.8 
24.1 
23.5 

5.6 
5.2 
5.1 

78.3 
72.0 
70.4 

7.9 
7.9 
7.8 

26.7 

27.2 1 
25 
30 
35 

22.3 
21.8 
21.6 

4.3 
3.3 
3.2 

58.4 
44.2 
42.0 

7.8 
7.7 
7.7 

27.8 
28.0 
28.0 I 

40 21.5 2.9 39.1 7.7 28.1 

Depth Temp Do Percent salinity 

8-14 
. .. 

0859 sw Surf 23.8 6.4 90.6 7.4 29.5 1 
2 5 23.7 6.3 88.9 7.4 29.3 

10 
15 
20 

23.7 
23.7 
22.6 

6.1 
6.0 
5.3 

85.3 
84.6 
72.9 

7.4 
7.4 
7.4 

29.9 

29-6 I 
25 
30 
35 

22.1 
21.9 
21.9 

5.0 
4.6 
4.6 

69.0 
62.9 
63.2 

7.3 
7.3 
7.3 

31.6 
31.1 
31.2 I 

37 21.9 4.6 62.5 7.3 3 1.5 

8-19 1026 Nw Surf 23.4 6.2 84.2 7.8 26.8 1 
20 5 23.5 5.6 76.3 7.8 27.0 

10 
15 
20 

23.5 
23.4 
22.8 

5.3 
4.9 
4.9 

73.2 
67.2 
66.3 

7.8 
7.8 
7.8 

27.6 

28.3 I 
25 
30 
35 

22.6 
22.4 
22.3 

4.8 
4.8 
4.7 

65.6 
65.0 
63.6 

7.8 
7.8 
7.8 

28.4 

t::: 4 
38 22.3 4.6 61.8 7.8 28.6 

8-24 1319 sw 
10-15 

Surf 
5 

26.0 
25.9 

7.3 
7.6 

104.9 
109.0 

8.1 
8.0 26.5 d 

10 
15 
20 

25.9 
25.6 
24.8 

7.6 
7.3 
6.4 

108.2 
103.3 
90.2 

8.0 
8.0 
7.9 

26.4

z::1 
25 22.5 5.0 67.7 7.8 27.9 
30 
35 
38 

22.3 
22.1 
22.0 

4.6 
4.5 
4.3 

62.7 
60.3 
58.0 

7.8 
7.8 
7.7 

;::;
28.2 

8-3 I 0906 sw 
10-15 

Surf 
5 

24.4 
24.4 

7.7 
7.7 

106.4 
106.5 

8.0 
8.0 26.3 I 

10 24.4 6.9 96.5 7.9 26.6 
15 22.2 4.7 63.4 7.7 
20 21.2 4.5 60.3 7.8 22'9 1 
25 20.6 4.7 61.1 7.8 29.3 
30 19.9 14.6 60.3 7.8 29.6 
35 19.6 4.3 56.1 7.7 29.7 
37 19.6 4.0 51.9 7.7 29.7 

1 
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Appendix Table Al. Hydrographic data,January-December1998 (continued). 

Station I tcontinued) 
Temp Do Percent W t y  

Date Time Wind (A) ("C) (DDm) Saturation OH (doe) 
r n -

I 
I 

9-3 1035 Calm Surf 23.9 7.6 106.0 I .  I 27.6 
5 23.8 6.1 85.8 7.7 29.1 
10 22.9 4.7 64.9 7.6 29.9 
15 21.7 4.2 57.5 7.6 30.6 
20 21.3 4.1 55.4 7.6 30.8 
25 240 4.0 53.3 7.6 31.0 
30 20.5 3.9 51.6 7.6 31.2 
35 20.1 3.6 47.5 7.5 31.4 
36 20.0 3.4 44.9 7.5 31.5 

9-8 1442 Nw Surf 23.8 5.6 77.9 7.8 29.11 -12 5 23.4 5.1 70.7 7.8 29.4 
10 23.2 4.9 68.2 7.8 29.5 
15 22.7 4.8 66.3 7.8 29.8 
20 22.5 4.8 65.7 7.8 29.9 
25 22.4 4.7 64.7 7.8 30.0 
30 22.3 4.8 65.9 7.8 30.1 
35 22.2 4.8 65.8 7.8 30.1 

3 
I 
b 

9-11 1504 WNW Surf 22.7 7.7 104.8 7.8 29.1-10 5 22.4 7.4 100.8 7.8 29.2 
10 22.3 7.2 98.5 7.8 29.3 
15 22.0 6.3 85.8 7.8 29.5 
20 21.4 6.5 87.4 7.8 30.1 
25 21.4 6.5 86.8 7.8 30.1 
30 21.2 6.3 84.6 7.8 30.3 
35 21.2 6.2 82.6 7.8 30.3 
38 21.1 6.1 81.3 7.8 30.4 

1 
li 
I 
I* 
I 
I 

9-17 1233 wsw Surf 22.5 6.2 84.7 7.8 29.1 
-8 5 22.0 5.7 77.9 7.8 29.6 

10 21.7 5.4 72.6 7.8 29.9 
15 20.9 5.1 68.7 7.8 30.5 
20 20.4 5.1 67.1 7.8 30.8 
25 20.3 4.9 65.1 7.8 30.8 
30 20.3 4.7 62.1 7.8 30.9 
35 20.2 4.4 57.9 7.7 30.9 
36 20.2 4.2 55.9 7.7 30.9 

9-2 1 0922 ssw Surf 23.0 5.8 79.5 8.0 29.7-10 5 23.0 5.9 81.5 8.0 29.6 
10 22.8 5.9 81.0 8.0 29.6 
15 21.5 5.7 76.8 7.9 30.1 
20 20.8 4.9 65.6 7.9 30.4 
25 20.6 4.7 62.3 7.8 30.6 
30 20.6 4.6 61.1 7.8 30.6 
35 20.5 4.5 60.1 7.8 30.6 
40 20.4 4.4 58.4 7.8 30.7 
41 20.4 4.3 56.8 7.8 30.7 

I 
I 
I 
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29.8 

Appendix Table Al. Hydrographic data, January-December 1998 (continued). 

Date 
9-25 

Time 
1245 

Wind 
S 

Depth
(f&) 
Surf 

Temp
("C) 
20.9 

Do 
(DDm) 
9.0 

Percent 
Saturation 
119.1 

DH 
8.1 28.9 

5-15 5 21.0 9.0 119.7 8.1 28.9 
10 21.1 9.0 119.6 8.1 
15 20.8 8.3 110.5 8.0 29.0 
20 
25 
30 

20.6 
20.3 
20.3 

7.7 
6.9 
6.7 

102.7 
91.6 
88.7 

7.9 
7.9 
7.9 

30.3 
30.7 
30.7 I 

35 20.2 6.4 85.3 7.9 30.9 
39 20.1 6.1 81.1 7.9 31.0 

Station I (continued) 

9-30 0834 Calm Surf 20.7 7.1 94.4 7.6 29.5 I 
5 20.7 7.1 94.7 7.6 29.6 
10 20.7 7.1 94.2 7.6 
15 20.9 7.0 93.8 7.6 
20 
25 
30 

21.0 
20.5 
19.9 

7.0 
5.8 
5.2 

94.0 
78.1 
69.1 

7.6 
7.4 
7.3 

30.0 
31.4 
31.8 I 

35 19.9 5.0 66.5 7.3 31.8 
36 19.9 5.0 ' 66.1 7.3 31.8 

10-27 1230 E 
0-5 

Surf 
5 
10 
15 

14.5 
14.2 
14.5 
14.4 

10.5 
9.8 
9.2 
8.9 

121.4 
113.2 
108.7 
104.4 

8.0 
8.0 
8.0 
8.0 

27.6 1 
28.4 
30.0 
30.2 I 

20 14.4 8.8 103.5 8.0 30.6 
25 
30 
35 

14.3 
14.3 
14.3 

8.6 
8.5 
8.2 

101.9 
100.4 
97.7 

8.0 
8.0 
8.0 

31.1 

31-3 il 
11-16 1357 sw 

40 

Surf 

14.3 

11.0 

7.4 

11.3 

87.6 

121.9 

8.0 

8.1 

30.4 

27.5 I 
15-20 5 

10 
15 

11.1 
11.3 
11.5 

11.2 
11.0 
10.8 

120.9 
120.0 
118.2 

8.1 
8.1 
8.1 

27.5 
27.8 
28.3 I 

20 11.6 10.5 115.7 8.0 28.7 ' 
25 
30 
34 

11.2 
10.9 
10.8 

10.4 
10.0 
9.9 

113.8 
109.6 
107.8 

8.0 
8.0 
8.0 

29.4 

29.9 I 
12-17 1318 sw Surf 7.6 15.4 154.4 8.2 28.0 

-10 5 7.4 14.5 145.1 8.2 28.1 I 
10 7.6 14.1 142.2 8.2 28.4 
15 7.7 13.6 138.1 8.2 29.8 
20 7.8 13.4 136.6 8.2 29.9 1 
25 7.7 13.3 135.2 8.2 29.9 

30 7.6 13.2 134.3 8.2 29.9 

35 7.5 13.1 133.1 8.2 29.9 

36 7.5 13.0 132.4 8.2 29.9 J 

1 



Appendix Table Al. Hydrographic data,January-December1998(continued). 

Station I4 
Depth Temp Do Percent salinity 

Date ("C) DHTime Wind 
1-15 1129 NE 

10 

2-17 1131 E 
10-15 

3-2 1323 	 sw 
5-10 

3 6  1135 NE 
15-20 

3-16 1244 N 
10-15 

3-20 1255 NE 
15-20 

3-25 1341 	 sw 
5-10 

3-30 1101 sw 
15-20 

(A) (DDm) Saturation (Ofoo) 

Surf 3.8 11.6 106.6 7.8 26.9 
5 4.6 11.2 105.9 7.7 28.0 
10 5.4 10.7 102.3 7.7 27.6 
15 5.0 10.6 100.7 7.7 28.2 
17 4.9 10.5 100.2 7.7 28.9 

Surf 7.3 11.1 110.2 7.8 26.9 
5 7.9 10.6 107.1 7.8 27.4 
10 5.8 11.0 106.4 7.8 27.8 
15 5.1 11.0 104.4 7.8 27.7 
19 4.7 11.2 . 105.6 7.8 28.1 

Surf 7.5 10.0 97.5 7.7 21.8 
5 6.9 10.0 97.1 7.7 23.6 
10 6.7 9.5 94.3 7.7 28.3 
15 5.7 9.5 92.0 7.7 28.0 
17 5.7 9.4 91.2 7.8 28.5 

Surf 7.5 9.5 94.2 7.8 24.8 
5 8.0 9.3 93.3 7.8 25.7 
10 8.5 9.2 94.3 7.8 27.0 
15 7.5 9.3 93.8 7.8 27.8 
17 7.5 9.4 95.0 7.8 27.6 

Surf 5.7 10.4 96.7 7.7 21.4 
5 5.4 '0.3 95.1 7.7 22.0 
10 8.6 9.3 94.1 7.6 23.7 
15 6.3 9.3 88.9 7.6 24.1 
17 5.6 9.5 89.3 7.7 24.1 

Surf 5.7 8.5 88.0 7.6 25.4 
5 6.1 8.4 87.1 7.6 26.0 
10 6.8 7.7 83.4 7.6 27.1 
15 5.7 7.9 85.1 7.6 28.7 
17 5.2 7.8 85.1 7.6 29.1 

Surf 8.6 11.4 113.5 8.7 24.3 
5 8.7 11.3 113.1 8.7 24.6 
10 10.5 10.3 109.4 8.7 27.6 
15 9.0 10.5 108.7 8.7 27.8 

Surf 10.8 10.5 108.7 . 8.7 21.7 
5 10.5 10.5 108.0 8.7 22.0 
10 9.2 10.3 106.0 8.6 26.2 
15 8.6 10.1 102.4 8.6 26.9 
19 8.3 10.1 101.6 8.6 27.2 
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Appendix TableAl. Hydrographic data,January-December 1998 (continued). 

Depth 

Date Time Wind (ft)

4-3 1048 W Surf 


10-15 	 5 

10 

15 

18 


4-8 1030 W Surf 
10-15 5 

10 
15 

4-13 1034 NE Surf 
10-15 	 5 


10 

15 

19 


4-17 1141 sw Surf 

15-20 	 5 


10 

15 

18 


4-21 1315 sw Surf 

15-20 	 5 


10 

15 

17 


4-27 1253 N Surf 

10-15 	 5 


10 

15 

18 


5-1 1107 sw Surf 
10-15 5 

30 
15 
18 

5-6 1337 SE Surf 
10-15 5 

10 
15 

5-13 1035 NE Surf 

20-25 5 


10 

15 

19 


Station I4 (continued) 
Temp Do 
("(2) (DDm)
10.4 9.2 
10.4 9.2 

12.5 8.0 

11.8 8.1 

11.3 8.1 


10.0 9.7 

10.1 9.8 

9.9 9.2 

9.2 9.0 


9.8 9.1 

9.6 9.1 

9.6 8.7 

9.1 8.7 

8.9 8.6 


11.8 8.8 

11.8 8.7 

12.4 7.8 

13.4 7.8 

12.7 7.7 


12.9 9.4 

12.9 9.3 

15.0 8.1 

14.4 7.9 

14.4 7.9 


12.5 8.6 

12.5 8.5 

12.2 8.0 

11.3 8.2 

11.3 8.0 


13.7 8.8 

13.9 8.7 

15.9 7.8 

15.1 8.0 

14.5 7.9 


16.6 8.7 

16.5 8.7 

16.1 6.7 

15.3 6.6 


12.2 8.8 

12.2 8.7 

13.8 8.0 

12.7 8.1 

12.5 8.0 


I 
Percent Salinity 

Saturation DH 
~~ 

(O/OO)
~~~ 

95.7 7.4 
95.2 7.4 
89.2 
89.2 
88.1 

7.3 
7.3 
7.3 

27.7 
27.7 
27.3 1 

100.6 
102.0 
97.8 

7.5 
7.5 
7.4 

24.8 

25.8 J 
94.5 7.5 29.5 

95.6 7.6 28.4 I 
95.9 7.5 29.0 
92.5 
91.3 
89.8 

7.5 
7.5 
7.5 

29.8 

30.1 I 
92.7 
92.4 

7.6 
7.6 z::I 

91.4 7.5 24.9 
87.6 7.5 
85.8 7.5 2: 1 

99.5 7.5 18.6 

98.6 7.5 

93.3 7.5 E:; J 
90.5 7.5 26.0 
89.9 7.5 

93.6 7.6 24.9 1 

92.8 7.6 24.9 

87.6 7.6 

87.4 7.5 26*2 I 

86.2 7.5 26.6 


98.0 7.5 21.8 1 

97.2 7.5 22.0 

91.9 7.4 23.7 

91.8 7.5 

90.5 7.4 23-7 1 

102.3 7.8 

102.0 7.8 ;:::I 

81.6 7.4 25.9 

79.0 7.4 


96.7 7.6 25.6 I 

95.1 7.6 25.8 

91.3 7.5 

89.9 7.5 26.3 I 

89.4 7.5 26.4 


1 
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Appendix Table Al. Hydrographkdata, Janwy-December 1998 (continued). 

Station 14 (continued) 
Depth Temp Do Percent Salinity 

Date Time Wind ffu ("C) (Rum)
5-18 1341 N Surf 17.9 9.2 

Saturation 
110.3 , 

RH 
7.7 

fOIO0) 
21.2 

5-10 5 17.9 9.2 111.2 7.7 21.2 
10 17.8 6.9 85.5 7.4 25.5 
15 17.1 6.9 83.9 7.4 25.7 
20 16.7 6.6 79.5 7.4 26.3 

5-22 0957 N Surf 15.8 9.2 108.1 7.9 24.5 
15-20 5 15.9 9.3 110.3 7.8 24.6 

10 16.9 7.3 88.0 7.6 25.7 
14 16.2 7.3 86.8 7.6 25.9 

5-26 1115 sw Surf 18.1 7.9 98.0 7.7 24.7 
5-10 5 18.1 7.9 97.8 7.7 24.8 

10 18.0 7.8 96.6 7.7 24.7 
15 17.3 8.0 97.2 7.8 24.9 
19 16.9 7.5 90.1 7.7 25.0 

6-1 1028 sw Surf 20.5 7.1 92.5 7.9 23.6 
10-15 5 20.5 7.2 92.5 7.9 23.9 

10 20.5 7.2 92.6 7.9 23.5 
15 20.3 7.2 92.4 7.9 23.5 
17 20.1 7.0 89.2 7.8 23.7 

6-5 1009 W Surf 22.0 7.1 99.8 7.9 25.0 

1 
E 
1 

20-30 5 21.4 7.0 96.3 7.9 25.3 
10 18.7 7.2 95.3 8.0 25.6 
15 19.1 6.8 90.8 7.9 25.9 
17 19.1 6.6 87.1 7.9 26.0 

6-10 1225 sw Surf 19.8 7.5 98.2 7.7 27.2 
10-15 5 19.6 7.5 98.2 7.7 27.3 

10 18.9 7.7 99.2 7.8 27.4 
15 18.2 7.6 96.4 7.8 27.5 
16 18.2 7.5 95.4 7.8 27.3 

* 6-16 1156 S Surf 19.2 7.9 93.1 7.2 12.5 
15 	 5 19.2 7.8 92.3 7.2 12.7 

10 20.9 5.7 73.4 7.3 22.2 
15 18.8 5.1 64.3 7.3 24.7 
20 18.4 5.1 64.9 7.3 25.6I 

1 6-19 1312 S Surf 25.5 9.5 125.3 7.9 10.3 

10 5 22.6 8.1 102.0 7.4 11.7 


10 21.7 6.8 85.1 7.2 13.8 

15 21.2 6.4 80.8 7.2 15.8
I 

1. 
1 



Appendix Table Al.  Hydrographic data,January-December 1998 (continued). 

StationI4 (continued) I 
Date 
6-24 

Time 
1053 

Wind 
S 

(ft) 
Surf 

("0 
21.1 

( D D d  
7.1 

Satwation 
89.6 

DH 
7.4 

(do0 

17.? I 
15 5 

10 
15 

21.0 
21.0 
20.7 

6.9 
6.9 
6.6 

87.4 
86.9 
83.2 

7.3 
7.3 
7.3 

17.6 
17.5 
18.3 1 

6-29 0747 S Surf 20.0 6.3 79.9 7.4 22.2 
20 5 20.1 6.2 78.6 7.4 

10 20.0 6.2 79.0 7.4 22.2 
15 20.0 6.2 79.0 7.4 22.2 

Depur Temp Do Percent salinity 

- .. 16 20.0 6.2 78.7 7.4 

7-3 1319 . S Surf 27.3 8.8 118.1 7.7 10.7 
5-10 	 5 23.5 7.8 100.5 7.5 17.1 

10 23.1 5.9 77.2 7.2 20.7 1 
15 23.2 4.9 65.3 7.1 21.4 

7-8 0943 SE Surf 23.9 9.5 124.7 8.1 17.0 I 
5 5 

10 
15 

24.0 
21.7 
21.8 

7.2 
5.4 
4.8 

94.5 
69.9 
62.8 

7.7 
7.3 
7.2 

18.3 
22.8 
23.5 1 

20 21.7 4.5 59.0 7.2 23.9 

7-13 0925 SW Surf 22.6 6.7 89.4 7.6 
10-15 5 22.3 5.9 77.8 7.5 22.5 

10 
15 
20 

22.3 
22.1 
22.1 

5.9 
6.0 
2.0 

78.4 
79.5 
27.3 

7.5 
7.5 
7.2 

22.8 
22.5 
24.2 I 

7-17 0845 sw 
21 

Surf 

20.9 

25.1 

0.3 

6.5 

3.8 

90.2 

7.O 

7.7 

24.9 

22.7 I 
2 5 25.0 6.5 90.4 7.7 22.9 

10 24.9 6.8 92.4 7.8 21.3 
15 24.8 7.0 95.8 7.8 
19 24.7 7.1 98.0 7.8 23.3 

7-22 1030 sw 
15 

Surf 
5 

25.6 
25.4 

7.9 
8.0 

111.7 
112.0 

8.0 
8.0 

24.5 
24.5 1 

10 25.4 8..0 111.6 8.O 24.5 
15 25.3 7.9 111.0 8.0 24.6 
17 25.2 7.5 105.5 7.9 

7-27 0918 sw Surf 24.6 6.8 93.2 8.0 24.7 

20 21.2 2.2 28.3 6.8 22.4 

24.9 I 
5-10 	 5 24.6 6.8 93.4 8.0 

10 24.4 7.0 97.4 8.1 
15 24.4 7.2 99.6 8.1 24.9 
20 24.4 7.1 98.0 8.1 

I 



Appendix Table Al .  Hydrographic data, Janwy-December 1998 (continued). 

I Station 1#4 (continued) 
Depth Temp Do 

Date Time Wind (ft) ("C) (DDm) 
7-3 1 1031 NE Surf 25.0 6.6 

Percent 
Saturation 

93.3 
DH 
7.7 

Salinity 
~ o / o o ~  
27.1 

15 5 25.0 6.5 91.7 7.6 27.1 
10 25.0 6.3 89.7 7.6 27.1 
15 25.0 5.7 81. 7.5 27.3 
18 25.0 5.8 82.4 7.5 27.4 

8-5 1141 sw Surf 26.2 6.3 90.9 7.7 27.1 
5-10 5 26.0 6.0 87.5 7.7 27.5 

10 25.9 6.0 87.1 7.7 27.3 
15 25.8 5.9 85.5 7.7 27.7 

8-10 0918 wsw Surf 25.6 5.7 80.4 7.9 26.5 -10 5 25.6 5.2 74.2 7.9 26.4 
10 25.4 5.8 82.6 8.0 26.6 
15 25.5 6.1 86.0 8.0 26.6 
20 25.5 6.2 87.3 8.0 26.6 

8-14 0926 sw Surf 23.7 5.6 78.3 7.3 29.5 
2 5 23.8 5.6 79.1 7.4 29.5 

6 23.8 5.6 79.2 7.4 29.5 

8-19 1009 N w  Surf 23.7 4.6 63.7 7..7 26.6 
20 5 23.4 5.6 77.0 7.7 26.8 

10 23.8 4.8 66.2 7.7 26.8 
15 23.8 4.7 64.3 7.7 26.8 
17 23.8 4.6 63.8 7.7 26.8 

8-24 1137 sw Surf 25.4 7.2 102.5 8.0 26.3 
10-15 5 25.3 7.3 103.2 8.0 26.4 

10 25.2 7.2 101.7 8.0 26.5 
15 25.2 7.1 99.9 8.0 26.5 
20 25.1 6.8 96.0 8.0 26.5 
21 25.0 6.5 91.8 7.9 26.5 

8-3 1 0853 sw Surf 26.2 5.4 77..9 7.6 26.5 
10-15 5 25.7 5.4 78.1 7.7 26.5 

10 25.8 5.2 74.2 7.6 26.5 
15 26.0 4.7 67.2 7.5 26.8 

9-3 1138 Calm Surf 24.8 6.5 91.3 7.7 28..3 
5 24.7 6.3 89.7 7.8 28.3 
10 24.7 6.5 91.6 7.8 28.4 
15 24.8 6.7 94.6 7.9 28.4 
19 24.8 6.8 95.7 7.9 28.4 

9-8 1430 Nw Surf 23.8 5.6 78.4 7.7 28.8 
-12 5 23.8 5.5 77.3 7.7 28.8 

10 23.8 5.6 78.4 7.8 28.9 
15 23.7 5.6 77.8 7.8 29.0 



29*1 

Appendix Table Al .  Hydrographic data, Januaq-December 1998 ,.;ontinued). 

Station I#4 (continued) 
Depth Temp Do Percent 

Date Time Wind (ft) ("Q (DDm) Saturation DH 
9-1 1 1638 WNW Surf 23.6 7.3 101.8 7.8 29.3 -10 5 22.7 8.4 115.5 8.0 29.4 

10 22.3 8.8 119.4 8.0 
15 21.5 7.6 101.4 7.8 29.3 

9-17 1211 wsw Surf 23.0 8.4 115.3 8.0 
-8 5 22.7 8.2 111.9 7.9 

10 22.6 7.9 107.8 7.9 29.0 
15 22.5 7.8 106.1 7.9 29.2 

9-2 1 0911 ssw Surf 22.7 6.8 94.1 8.1 29.9 -10 5 22.9 7.2 98.8 8.1 29.7 
10 22.9 7.2 99.1 8.1 
15 22.9 7.2 98.9 8.1 

9-25 1139 S Surf 20.6 9.0 118.7 8.1 29.2 1 
5-15 5 20.5 8.9 117.3 8.1 29.2 

10 
15 
20 

20.5 
20.4 
20.2 

8.9 
8.8 
8.0 

117.2 
115.1 
105.1 

8.1 
8.0 
8.0 

29.1 

29.1 1 
9-30 0820 Calm Surf 20.6 7.0 93.9 7.6 

5 20.6 7.1 94.3 7.6 
10 
15 
17 

20.6 
20.6 
20.6 

7.0 
6.9 
6.9 

94.1 
92.8 
92.6 

7.6 
7.6 
7.6 

30.0 
30.0 
30.0 4 

10-27 1338 E Surf 14.6 11.0 128.7 8.1 28.1 

20 22.9 7.1 98.6 8.1 29.7 

0-5 5 
10 

14.5 
15.2 

10.7 
10.1 

125.2 
119.5 

8.1 
8.0 

28.1 
28.7 I 

15 14.7 9.5 111.8 8.0 28.6 
17 14.7 9.2 108.2 8.0 

. 11-16 1245 sw Surf 13.6 10.9 124.5 8.1 28.5 
15-20 5 13.1 10.8 122.1 8.1 28.4 

10 12.6 10.8 121.7 8.1 
15 11.5 10.9 119.7 8.1 28.3 
16 11.4 10.6 116.6 8.1 28.4 

12-17 1151 sw Surf 9.1 22.8 237.1 8.2 28.5 1 
-10 5 8.6 21.7 223.5 8.1 28.5 

10 8.1 21.5 218.7 8.2 28.4 
15 7.7 20.0 201.3 8.2 28.4 1 

1 



1 Appendix Table Al. Hydrographic data, January-December 1998 (continued).. 

Station A 
Depth Temp Do Percent Salinity 

Date Time Wind (ft) ("C) (DDm) Saturation DH (o/oo)
1-15 1720 NE -2 17.4 10.2 120.3 7.6 27.7 

10-15 


2-17 1412 E -2 13.4 8.2 96.6 8.1 28.8 

15-20 


3-2 1217 Nw -2 14.9 8.4 100.5 8.1 27.6 

5 


3-6 1548 NE -2 14.1 7.2 85.3 8.1 28.3 

15-20 


3-16 1017 Nw -2 19.3 9.1 115.2 7.7 23.1 

10-15 


3-20 1407 NE -2 14.1 9.2 105.7 8.0 27.5 

15-20 


3-25 1700 	 sw -2 19.1 7.8 97.7 7.3 26.2 

5-10 


3-30 0836 sw -2 20.6 8.1 105.8 8.5 26.0 

10-15 


4-3 1246 W -2 19.6 8.0 102.7 7.3 27.3 

10-15 


4-8 0705 E -2 16.0 8.6 104.0 7.4 28.9 

10-15 


4-13 1114 NE -2 16.5 8.3 102.0 7.4 30.0 

20-25 


4-11 1328 SE -2 19.7 7.9 99.2 7.5 24.9 

20-25 


4-21 1508 S -2 20.3 8.0 103.1 7.5 25.6 

15-20 


4-27 1020 	 Nw -2 19.7 7.9 100.5 7.5 27.1 

10-15 


5-1 1303 sw -2 22.3 7.8 105.1 7.4 25.5 

15-20 


5-6 1531 	 E -2 23.3 7.4 100.2 7.4 24.6 
10 



Appendix Table Al. Hydrographicdata,January-December1998(continued). 

a 
Temp D o  Percent salinity 

Date Time Wind (A) ("0 (DDm) Saturation DH (o/oo) 
5-13 1116 NE -2 21.0 7.8 103.8 7.5 26.8 1 

5-18 1435 W -2 27.6 7.0 102.4 7.4 24.5 1 
15-20 

5-22 1019 N 
15-20 

-2 28.7 6.3 94.5 7.4 
25s 1 

5-26 1501 sw -2 28.2 6.7 99.8 7.5 

20-25 

10 
24.7 I 

6-1 1059 sw -2 29.2 6.2 92.8 7.6 
10-15 

23.7 I 
6-5 1039 W -2 24.5 6.6 97.4 7.8 25.5 

20-30 1 
6-10 1559 SW -2 27.6 7.3 110.9 7.7 27.2 

6-16 0715 S '  -2 26.3 6.2 90.1 7.3 25.8 1 
8 

6-19 1336 S -2 27.7 6.2 91.4 7.3 21.8 1 
10 

10-15 

6-24 0954 	 S -2 28.4 5.5 81.3 7.2 20.4 1 
6-29 0815 S -2 26.5 6.3 91.2 7.3 22.2 I 

20 

7-3 1356 S 
5-10 

-2 29.7 5.3 78.7 7.2 
22.5 I 

7-8 0833 Light,
variable 

-2 29.4 4.8 71.9 7.0 

22.6 1 
7-13 lo00 sw -2 29.6 4.8 73.4 7.3 24.6 

10-15 

15 

1 
7-17 0911 sw -2 31.1 6.0 93.1 75 23.3 

2 

7-22 0931 	 ssw -2 33.4 6.3 102.0 7.6 24.7 1 
15 

7-27 0958 	 sw -2 31.1 5.3 82.0 7.8 25.61 
5-10 

, 1 



Appendix Table Al. Hydrographic data,January-Decsmber 1998 (continued). 

I Station A (continued) 
Depth Temp Do 

Date Time Wind (fi) ("C) (DDm) 
7-31 1103 NE -2 32.6 5.4 

Percent 
Saturation 
87.8 

DH 
7.4 

salinity 
(doe) 
27.4 

15 

85 1340 sw -2 33.8 5.1 84.6 7.4 27.9 
5-10 

8-10 0953 wsw -2 32.8 5.0-12 80.7 7.8 26.8 

8-14 1048 sw -2 30.9 5.7 90.8 7.4 28.9 
2 

8-19 1308 Nw -2 29.8 6.5 88.2 6.7 27.1 
20 

8-24 1627 sw -2 33.7 6.4 103.5 7.9 26.6 
10-15 

8-31 0930 sw -2 32.5 5.7 91.5 7.8 27.1 
10-15 

9-3 1615 S -2 31.3 6.3 99.0 7.8 29.0 -12 
9-8 1504 "w -2 30.5 5.6 87.0 7.7 29.4 -12 
9-11 1404 "w -2 31.4 6.5-10 103.5 7.8 29.6 

9-17 1321 wsw -2 29.9 6.8 106.2 7.8 29.9 
-8 

9-21 0944 ssw -2 31.4 7.3 115.7 7.8 30.0 -10 
9-25 0353 S -2 30.4 8.1 126.5 8.0 29.4 

5-15 

9-30 0857 sw -2 30.3 6.4 102.0 7.5 29.1 
-10 

10-27 1731 E -2 26.1 7.9 115.6 7.9 29.5 
0-5 

11-16 1640 sw -2 23.1 9.6 131.6 8.0 28.6 
15-20 

12-17 1603 sw -2 21.5 23.8-10 318.6 8.0 28.6 



Appendix 

Date 
1-15 

Time 
1725 

Wind 
NE 

Depth 
(ft) 
-2 

Temp
("C) 
13.4 

Do 
(Dum) 
10.2 

Percent 
Saturation 

117.4 
DH 
7.8 

Salinity I 
(oloo 
27.2 I 

10-15 

2-17 1408 E -2 13.3 8.8 102.4 8.1 
15-20 

3-2 1222 Nw -2 15.1 10.8 97.7 7.9 
5 

3-6 1536 NE -2 14.3 10.9 97.8 8.0 27.8 
... 15-20 

Table Al .  Hydrographic data,January-December 1998 (continued). 

StationD 

1 
3-16 1022 N -2 15.2 9.6 111.5 7.6 24.0 

10-15 I
3-20 1402 N -2 14.0 10.1 116.3 8.0 28.3 

15 

3-25 1700 	 NWSW -2 14.9 8.7 101.0 7.3 25.4 1 
5-10 

3-30 0841 sw -2 15.4 9.2 108.3 8.6 27.5 I 
, 10-15 

4-3 1251 W -2 17.1 8.4 103.1 7.4 28.3 1 
10-15 

4-8 0709 E -2 16.5 8.65 102.6 7.4 27.8 1 
10-15 

4-13 1118 NE -2 16.7 8.1 99.5 7.4 
20-25 29-9 I 

4-17 1331 SE -2 19.6 7.9 99.3 7.5 
20-25 

24.4 1 
4-2 1 1512 S -2 20.1 7.8 100.5 7.5 25.8 

15-20 I 

4-27 1024 Nw -2 19.6 7.8 99.8 7.5 27.1 

10-15 I 
5-1 1308 sw -2 22.4 7.5 101.8 7.4 25.6 

15-20 

5-6 1543 	 E -2 23.6 7.2 99.2 7.4 25.2 I 
10 

I 



1 Appendix Table Al. Hydrographic data,January-December 1998 (continued). 

StationD (continued) 
Depth Temp Do Percent Salinity 

Date 
5-13 1119 NE -2 21.4 7.9 104.4 7.5 25.6 

20-25 

5-18 1439 W -2 23.3 7.5 102.6 7.5 24.5 
15-20 

5-22 1025 N -2 24.8 6.7 94.6 7.5 25.4 
15-20 

5-26 1506 sw -2 28.0 6.7 loo.1 7.6 24.6 
10 

6-1 1104 sw -2 30.4 6.7 102.9 7.7 23.8 
1-15 

6-5 1048 W -2 25.6 6.7 99.6 7.9 25.1 
20-30 

6-10 1604 sw -2 29.1 7.5 116.8 7.8 27.0 
10-15 

6-16 0720 S -2 26.9 6.1 89.6 7.4 25.0 
8 

6-19 1340 S -2 29.6 6.2 93.2 7.3 20.2 
10 

6-24 0958 S -2 29.4 5.4 81.4 7.2 20.1 
15 

6-29 0829 S -2 27.7 6.6 97.0 7.4 22.2 
20 

7-3 1352 S -2 30.1 5.5 82.9 7.2 22.2 
5-10 

7-8 0838 Light,
variable 

-2 29.7 5.0 75.4 7.1 22.8 

7-13 1008 sw -2 29.4 4.9 34.4 7.4 25.1 
10-15 

7-17 0918 sw -2 31.6 5.7 89.7 7.5 24.4 
2 

7-22 0935 ssw -2 33.9 6.4 104.0 7.6 25.0 
15 

7-27 1003 sw -2 32.2 5.2 82.5 7.8 25.9 
5-10 

Time Wind (ft) ("0 (DDm) Saturation DH (O/oo) 



Appendix TableAl. Hydrographic data,January-December1998 (continued). 

StationD (continued) . I 
&Pa Temp Do Percent salinity 

Date Time Wind (ft) ("C) (DDm) Saturation DH (dm 
7-31 1108 NE -2 32.5 5.4 86.7 7.4 27.; I 

15 

8-5 1346 	 sw -2 33.0 5.2 84.8 7.4 28.1 1 
5-10 

8-10 0957 wsw -2 33.9 5.0 82.0 7.8 
-12 26.8 1 

8-14 
2 29*7 I 

8-19 1315 Nw 
20 

-2 30.9 5.5 85.9 7.8 

27*7 I 
8-24 1631 sw -2 35.1 6.6 109.8 8.o 26.6 

10-15 

1056 sw -2 27.2 6.1 91.5 7.5 

1 
8-31 0935 sw -2 33.0 6.1 98.2 7.8 27.2 


10-15 


9-3 1620 	 S -2 28.3 5.7 85.5 7.7 29.5 1 
-12 

9-8 1511 NNW -2 31.7 6.2 99.0 7.7 29.5 1 -12 
9-11 1400 "w -2 311 6.5 103.0 7.7 29.6 I 

-10 
9-17 1326 wsw -2 31.0 6.5 102.4 7.8 30.1 1 

-8 

9-21 0949 ssw -2 31.3 6.5 103.8 7.9 -10 29.9 I 
9-25 0348 S -2 30.0 8.0 124.7 8.0 

5-15 29.3 I 
9-30 0903 sw -2 30.6 6.7 106.3 7.5 

-10 
28-9I 

10-27 1726 E -2 22.3 8.9 121.7 7.9 29.4 
0-5 
 1 

11-16 1645 sw -2 20.3 10.1 132.3 8.1 28.5 
15-20 


12-17 1606 sw -2 15.2 30.4 360.8 8.1 28.6I 
-10 

I 
I 1: *- -



Table A2.	Fish egg and larval population densities per 100 m3of water for 
each species collected in Mount Hope Bay, February-May 1998. 



MOUNT HOPE BAY ICHTHYOPLANKTON STUDY 17 FEBRUARY 1998 


FileC:\MIKE\accessLnhb467.mdb Table: Table2-17 1 

DENSITIES INNUMBER OF PLANKTON PER 100 CUBIC METERS OFWATER 1 


SPECIES 

PNCEELYOPUS c 1 m u s  6.29 1 .61  1.74 5.10 3.78 7.24 6.29 4.58 3 1  


TOTAL EGGS 6.29 1 .61  1.74 5.10 3.78 7.24 6.29 4.58 3.9 

I 

I 

I 


I 

I 

I 

I 

I 


I 




MOUNT HOPE BAYICIfll-FyOPLANKTONSTUDY 17 FEBRUARY 1998 

File C:\MIKE\acceSWb467.mdb Table:Table2-17 

DENS= INNUMBER OF PLANKTONPER 100 CUBICMETERSOFWATER 

SPECIES 1 

CLUPEh BARENGUS 1.57 

MICXOGADUS TOMCOD 0.00 

MYoxocEPBAcvs AENA&us 31.46 

M Y O X O C E P ~ SOCPODBCEMSPSNOSUS 3.15 

PXOLIS OUNNELLUS 29.89 

AMMODYTES SP. 108.53 

P. AHERICANUS STAGE 1 4.72 

P. AMERICANUS STAGE 2 14.16 

P. AMERICANUS TOTAL 18.88 

TOTAL LARVA& 193.47 

STATIONS 

MEANS 
4 5 9 10 21 23 ARITHM. GEOM. 

0.00 0.00 0.00 0.00 1 .61  1.57 0.68 0.50 

3.23 1.74 0.00 0.00 0.00 0.00 0.71 0.42 

48.43 10.42 3.40 33.99 20.92 31.16 25.73 19.83 

3.23 0.00 0.00 7.55 2.41 3.15 2.78 1.99 

20.99 1.74 8.49 25.50 19.31 29.89 19.40 14.52 

50.04 15.63 2.55 36.83 105.41 108.53 61.07 36.78 

3.23 1.74 0.85 1.89 0.80 4.72 2.56 2.07 

1 .61  0.00 0.85 1.e9 2.11 14.16 5.01 2.78 

4.84 1.74 1.70 3.78 3.22 18.88 7.57 4.84 

130.76 31.25 16.14 107.65 152.88 193.47 117.95 87.92 

Marine R a w &  Inc,Folmod, Ma 

I 


I 


I 

1 




MOUNT HOPE BAY ICHTHYOPLANKTONSTUDY 2 MARCH 1998 


File C:\MIKE\accessLnhb467.mdb Table:Table2 1 

DENSlTES INNUMBER OF PLANKTONPER 100 CUBICMETERSOFWATER I 


STATIONS 


MEANS I 

SPECIES 1 4 5 9 10 21 23 -.- GEOM 

PNQIELYOPVS CIMBRIUS 15.98 0.00 6.93 3.96 25.29 28.79 3.10 12.01 7 1  


LABRIDAE 0.00 0.00 2.31 0.99 0.00 0.00 0.00 0.47 0.2 

TOTAL EGGS 15.96 0.00 9.24 4.95 25.29 28.79 3.10 12.46 

I 

I 

1 

I 

I 

I 

1 

I 

I 

I 

I 


Marme Raeorch, Inr,Falmourk,M a  I 




MOUNT HOPEBAY ICHTH'YOPL4NCTON STUDY 2 MARCH 1998 

File C:\MIKE\access\mhb467.mdb Table:Table2 

DENSITES INNUMBER OFPLANKTON PER 100 CUBIC METERS OFWATER 

STATIONS 

MEANS 
SPECIES 1 4 5 9 10 21 23 ARITHM. GEOM. 

CLUPEA "GUS 0.00 0.00 1.54 0.00 0.00 1.03 1.03 0.51 0.40 

HyoxocEPBAw8 A8wus 28.71 1.65 15.40 26.15 25.29 22.62 25.83 20.90 16.17 

M Y O X O a P ~ U SSCORPIUS 0.00 0.00 0.00 0.00 1.95 0.00 0.00 0.28 0.17 

PHOLIS GUNNELLUS 0.00 1.65 0 .71  1.98 9.13 6.11 1.23 3.93 2.66 

M O D Y T E S  SP. 178.33 339.24 293.29 168.44 311.21 366.01 112.55 347.01 306.89 

P. AMERICANUS STAGE 1 20.18 11.58 6.16 16.84 0.00 2.06 18.60 10.86 7.00 

P.  AMERICANUS STME 2 20.18 41.31 18.47 10.90 3.89 4.11 29.96 18.50 13.53 

P. AMERICANUS TOTAL 41.55 52.95 24.63 21-14 3.89 6.11 48.56 29.36 20.92 

TOTAL LARVAE 848.65 395.50 335.63 224.92 352.05 401.99 255.21 401.99 368.07 

Marine Research, Inc,Falmonth, Ma 



MOUNTHOPE BAY ICHTHYOPLANKTON STUDY 6 MARCH 1998 

File C:\MIKE\accessLnbb467,mdb Table: Table6 1 
DENSITIES I N  NUMBER OF PLANKTONPER 100 CUBIC METERSOF WATER I 

SPECIES 

120.30 139.06 50.18 6.47 83.35 88.29 0.00 69.66 

18.64 9.00 6.75 0.00 4.53 0.86 0.00 5.68 2 . 9  

138.93 148.05 56.93 6.47 87.88 89.15 0.00 75.35 

I 

I 

I 

I 
1 

I 

I 

I 

I 

I 
I 

Marine Raeurch, Inc,Fnlm4utk,Ma I 
- ~ 

~ 



MOUNT HOPEBAY ICHTHYOPLANKTON STUDY 6 MARCH 1998 

File C:\MIKEhccessLnhbQ67.mdb Table:Table6 

DENSlTES INNUMBER OF PLANKTON PER 100 CUBICMETERSOF WATER 

STATIONS 

MEANS 
SPECIES 1 4 5 9 10 21 23 ARITHM. GEOM. 

CWrpBA W N Q U S  0.85 2.45 2.89 0.00 0.00 1.71 0.00 1.13 0.83 

MICROGADUS TOMCOD 0.00 0.00 0.96 0.00 0.00 0.00 0.00 0.14 0.10 

MYoxocEPaALus ABNAPUS 4.24 3.27 6.75 27.74 13.59 66.00 8.31 18.56 10.99 

MYOXOCEPISLUS OCTODECEMSPINOSUS 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.12 0.09 

PEOLIS GUNNELLUS 1.69 0.00 3.86 0.00 0 .91  10.29 2.49 2.75 1.68 

AMMODYTES SP. 326.16 103.88 167.90 365.30 283.59 471.44 98.91 259.60 223.06 

P. AMERICANUS STAGE 1 0.00 8.18 13.51 12.95 3.62 0.86 4.16 6.18 4.04 

P. AMERICANUS STAGE 2 36.43 41.72 41.49 0.00 23.56 15.43 13.30 24.56 15.89 

P. AMERICANUS TOTAL 36.43 49.90 55.00 12.95 27.18 16.29 17.45 30-74 26.83 

TOTAL LARVAE 369.36 159.51 237.37 405.99 325.26 565.73 128.00 313.03 279.64 



I 

MOUNTHOPEBAY ICHTHYOPLANKTONSTUDY 16 MARCH 1998 

File c:lnike\accesslnhb467.mdb Table:Table16 1 
DENSITIES INNUMBER OF PLANKTONPER 100 CUBIC METERSOFWATER I 

STATIONS 
MEANS I 

SPECIES 1 4 5 9 10 21 23 ARITHM. QEOM. 

ENCHELYOPUS CIWBRIUS 2.72 1.55 1.79 1.64 75.04 12.61 14.40 15.68 5 I 
LAaRIDAg 0.91 7.77 7.15 0.00 0.86 0.04 0.00 2.50 1 . 4  

TOTAL EOQS 3.62 9.33 8.94 1.64 75.90 13.45 14.40 18.18 

I 

I 



MOUNTHOPEBAY IC"YOPLAM(T0N STUDY 16 MARCH 1998 

File c:lnikehccesslnhb467.mdb Table:Table16 

STATIONS 

MEANS 
SPECIES 1 4 5 9 10 21 23 ARITHM. GWM. 

CLUPBA "WS 0.00 0.00 0.00 0.00 0.00 0.84 0.90 0.25 0.20 

wyoxocEPEALUS AaNAxus 1.81 0.00 0.00 4.10 9.49 22.69 11.70 7.11 3.62 

MYOXocIIPE&IA7S OZTODBCBHSPINOSUS 0.00 0.00 0.00 0.00 0.00 0.84 0.00 0.12 0.09 

PBOLIS OUHNBLUIS 0.00 0.00 0.00 0.00 0.86 0.84 0.00 0.24 0.10 

WODYTES SP.  142.10 6.22 149.27 308.41 252.72 336.15 1040.47 319.33 166.m 

P. AWERICANUS STAGE 1 0.00 0.00 0.00 0.00 0.00 0.00 10.80 1.54 0.42 

P .  AMERICANUS STAGE 2 12.67 10.10 16.09 13.12 28.46 5.04 21.60 15.30 13.55 

P. AMERICANUS STAGE 3 0.00 0.00 0.00 0.00 1.73 0.00 0.00 0.25 0.15 

P. AMERICANUS TOTAL 12.67 10.10 16.09 13.12 30.19 5.04 32.40 17.09 14.48 

TOTAG LARVAE 156.58 16.32 165.35 325.64 293.26 366.40 1085.48 344.15 206.57 

1 
I 
1 
I 
I 
1 

Marine Raeorch, Inc,Fohwuth9Ma 

1 



MOUNTHOPEBAY ICIXIFIYOPLANKTONSTUDY 20 MARCH 1998 


File C:\MIKE\accessLnb467.mdb Table Table20 1 

DENS= INNUMBER OF PLANKTONPER 100 CUBICMETERS OF WATER I 


STATIONS 


MEANS I 

SPECIES 1 4 J 9 10 21 23 ARITHM. OEOh 


P N ~ Y O P U SCIHBRIUS 218.63 144.02 49.00 3.33 272.57 28.02 2.70 102.61 

LABRIDAS 1.98 41.38 26.58 0.00 6.38 1.70 4-50 11.79 5. 

scoPETHAtMls AQUOSUS 0.00 2.48 0.83 0.00 0.00 0.00 0.00 0.47 1 

TOTAL BGGS 220.61 187.88 76.41 3.33 278.95 29.71 7.20 114.87 48. 

I 

I 

I 

I 


Marine Research,I m , F h d ,Ma I 




I 

I 

I 

1 

1 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1 


MOUNT HOPE BAY ICHTHYOPLANKTON STUDY 20 MARCH 1998 


File C:UlmUE\access\mhW67.mdb Table:Table20 


DENSITIES INNUMBER OF PLANKTONPER 100 CUBIC ME= OF WATER 

SPECIES 

w u s  WORHUA 


NXLYOXOCEPEALUS APNAIUS 


MYoxoCEPBAtv8 O(;TODECEMSPINOSUS 


M O D Y T E S  SP. 


0 .  AMERICANUS STAQP 1 

P. AMERICANUS STAGE 2 

P. AMERICANUS STAGE 3 

P. AMERICANUS TOT= 

STATIONS 

MEANS 
1 4 5 9 10 21 23 ARITHM. GEOM. 

0.00 1.66 0.00 0.00 0.00 0.00 0.00 0.24 0.15 

6.92 9.10 4.98 8.33 46.23 8.49 11.70 13.68 10.27 

0.00 0.00 0.00 0.00 1.59 0.00 0.00 0.23 0.15 

96.95 170.50 910.26 110.74 651.94 63.67 74.71 296.97 175.69 

2.97 4.14 2.49 5.00 4.78 0.85 39.60 8.55 4.24 

58.37 71.18 30.73 9.16 38.26 5.09 21.60 33.48 24.24 

0.99 1.66 1.66 0.00 3.19 0.00 0.00 1.07 0.79 

62.32 76.97 34.88 14.16 46.23 5.94 61.20 43.10 32.68 

TOTAt LAFzvAg 166.20 258.23 950.13 133.23 745.99 78.11 147.61 354.21 240.64 

Marine Racrrrdi, Inc,Fahuth, Ma 



MOUNTHOPE BAY 1 C H T " K T O N  STUDY 25 MARCH 1998 

FileC:\MIKE\accessLnhb467.mdb Table:Table25 1 
I

DENSnlESINNUMBER OF PLANKTONPER 100 CUBIC METERSOF WATER 

STATIONS 

MEANS 
SPECIES 1 4 5 9 10 21 23 

19.WCBPLIOPUS CIHBRIUS 17.58 1.99 13.66 11.67 35.04 81.76 64.82 -. 32.36 7 
IABRIDAE 20.51 9.96 20.49 7.78 7.58 2.58 8.53 11.06 '1SCOPETWUMUS MUOSUS 7.81 0.00 0.00 0.00 0.00 3.44 5.12 2.34 1 

TOTAL E008 45.91 11.95 34.15 19.45 42.62 87.78 78.46 45.76 37.6 

I 
I 

I 

I 

I 

I 

I 




MOUNT HOPEBAY 1C"YOPLANKTON STUDY 25 MARCH 1998 

File C : w M b 4 6 7 . m d b  Table:Table25 

DENS= INNUMBER OF PLANKTONPER 100 CUBICh4ETERS OF WATER 

__-_----------- I LARVAE -
I_---

STATIONS 

MEANS 
SPEClEs 1 4 5 9 10 21 23 ARITHM. GEOM. 

CLUPEA HARENWS 0.00 1.00 1.71 1.95 0.00 1.72 0.00 0.91 0.71 

GADUS WlRBUA 0.00 0.00 0.00 0.00 0.00 0.86 0.00 0.12 0.09 

MICROGADUS TOMCOD 0.00 0.00 0.00 0.00 0.95 0.00 0.00 0.14 0.10 

l4YoxocEPaALus AENAEUS 12.70 5.98 8.54 5.84 18.00 3.44 7.68 0.88 7.83 

PEOLIS OUNNELLUS 0.00 0.00 0.00 0.00 0.00 0.00 0.85 0.12 0.09 

W D Y T E S  8P. 959.25 1864.39 525.87 60.31 342.86 48.20 0.00 542.98 137.52 

P. N4ERIcANuB STAOP 1 6.84 0.00 0.00 19.45 2.84 5.16 8.53 6.12 3.48 

0.  AMERICANUS STAOP 2 133.83 2.99 78.54 50.58 72.93 21.52 17.91 54.04 33.22 

P. AHERICANUS STAOE 3 5.86 0.00 3.41 1.95 3.79 3.44 0.85 2.76 2.21 

P. AWZRICANUS TOTAL 146.53 2.99 81.95 71.98 79.56 30.12 27.29 62.92 40.17 

TOTAL LARVAE 1118.48 1874.35 618.06 140.06 441.36 84.34 35.82 616.07 304.37 

hfarineResmrdi,Xnc,Faho~th,Ma 



MOUNT HOPEBAY ICHTHYOPLANKTONSTUDY 30MARCH 1998 


File C:\MIKE\accessLnhb467.mdb Table:Table30 I 

DENSITES INNUMBEROF PLANKTONPER 100 CUBICMETERSOFWATER I 


SPECIES 1 


32.31 

11.08 

0.92 

0.00 

44.31 

STATIONS 

4 5 9 10 21 23 


1.06 0.00 20.81 55.16 41.23 39.77 

7.40 12.83 3.29 2.63 0.00 1.05 

0.00 1.17 1.10 0.88 0.00 3.14 

0.00 0.00 0.00 0.00 3.75 0.00 

8.46 13.99 25.19 58.67 44.98 43.95 

27.19 13.I 

5.47 3.6 


1.03 0 1  

0.54 0.2 


34.22 

I 

I 


I 

I 




MOUNT HOPE BAY ICHTHYOPLANKTONSTUDY 30 MARCH 1998 

File C\MME\access\mhbQ67.mdb Table:Table30 

DENSITIES INNUMBER OF PLANKTONPER 100 CUBICMETERS OF WATER 

SPECIES 

BARBNQUS 

W U S  HORBUA 

moxocEPEiALUs AENAEUS 

ULVARIA SUBBIFURCATA 

AMHODYTES SP. 

P. AMILRIUbUUS STAOI 1 

P. AMERICANUS STAOI 2 

P. AMERICANUS STAGX 3 

P. AMERICANUS TOTAL 

TOTAL IARVAE 

STATIONS 

MEANS 
1 4 5 9 10 . 21 23 ARITHM. GEOM. 

0.00 0.00 0.00 0.00 0.00 0.94 4.19 0.73 0.39 

0.92 0.00 0.00 0.00 0.00 0.94 0.00 0.27 0.21 

4.62 3.17 1.17 8.76 3.50 14.06 10.46 6.53 4.99 

0.00 1.06 0.00 0.00 0.00 0.00 0.00 0.15 0.11 

1539.83 507.64 254.21 16.43 189.13 6.56 217.67 390.21 136.46 

1.85 5.29 3.50 7.67 1.75 0.94 1.05 3.11 2.39 

28.62 16.92 25.65 18.62 28-90 33.73 37.67 27.16 26.21 

7.39 3.17 8.16 6.57 3.50 2.81 4.19 5.11 4.71 

37.85 25.38 37.32 32.85 34.15 37.48 42.91 35. 42 35.03 

1583.22 537.25 292.69 58.04 226.78 59.97 275.23 433.31 245.72 

Morine Ruearch,It~Jdmouth,Ma 



I 

MOUNTHOPEBAY 1C"YOPLANKTON S7"DY 3 APRIL. 1998 


FileC:\MIKE\access\mhb46%.mdb Table: Table3 I 

DENSITES IN NUMBER OF PLANKTON PER 100 CUBIC METERS OFWATER I 


SPECIES 

pHCB&LYOPuS CIWBRIUS 90.81 23.69 13.19 37.55 89.60 39.67 9.52 43.43 

LABRIDAE 6.49 12.83 7.03 23.47 9.33 0.83 3.17 9.02 6.1 

AQUOSUS 0.00 0.99 10.46 0.00 0.00 0.00 0.00S C O P R T ~ S  

TOTAL OoaS 97.30 37.51 38.68 61.01 98.94 40.49 12.69 55.23 

I 




I 
M O W  HOPEBAY 1CH"HYOPLANKTONSTUDY 3 APRIL 1998 

File C:\MIKE\accesrLnhtd68.mdb Table: Table3I 
1 DENSITES INNUMBER OFPLANKTON PER 100 CUBICMETERSOFWATER 

I 
STATIONS 

I 
I 
I 

MEANS 
SPECIES 1 4 5 9 10 21 23 ARlTHu GEOM. 

OskmRuS MORDAX 0.00 5.92 2.64 0.00 0.00 0.00 0.00 1.22 0.59 

-us bl- 0.00 0.00 1.76 0.00 0.00 0.83 0.00 0.37 0.26 

wyoxocEPHAws AENAEUS 2.78 3.95 0.00 0.94 6.53 7.44 12.69 4.90 3.39 

MODYTES SP.  34.29 8.88 15.82 7.51 13.07 466.06 542.61 155.46 38.24 

OOBIOSOMA QINSBURGI 0.00 0.99 0.00 0.00 0.00 0.00 0.00 0.14 0.10

1 0. 	AMERICANUS STAGS 1 8.34 7.90 5.27 5.63 3.73 0.00 14.28 6.45 4.90 

P. AHERICANUS STAQS 2 101.93 35.53 33.41 23.47 31.73 20.66 25.39 38.87 33.49 

0.  	AHERICAHOS STAGE 3 15.75 11.84 21.10 13.14 14.00 19.83 7.14 14.69 13.95 

P. AHERICANUS TOTAL 126.02 55.28 59.78 42.24 49.47 40.49 46.80 60.01 55.63 

TOTAL LARVAS 163.09 75.02 80.00 50.69 69.07 514.82 602 .ll 222.11 140.15 

1 
I 
I 
I 
I 
I 
I 
1 
I 
I 

MarineR.Eoorelr,I n c , F h u t h ,  Ma 

I 



I 

MOUNTHOPEBAY ICHTHYOPLANKTONSTUDY 8 APRIL 1998 


File C:\MMmaccessLnhb468.mdb Table:Table8 I 

DENSITIES INNUMBEROF PLANKTONPER 100 CUBICMETERS OF WATER I 


SPECIES 1 4 5 9 10 21 23 


pNcBELYOPu8 CIWBRIUS 141.60 23.14 32.96 20.93 61.71 78.76 60.99 60.01 48.i 

W D A P  12.17 8.05 3.66 9.30 18.09 8.56 0.00 8.59 6.27 

8coPFTHALWuS npuosus 0.00 7.04 0.00 0.00 0.00 36.81 4.36 
6.89 l.1

TOTAL EQGS 154.07 38.23 36.62 30.24 79.79 124.13 65.34 75.49 63.63 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 




MOUNTHOPEBAY ICHTHYOPLANKTONSTUDY 8 APRL 1998 

File C\MIKmaccess\mhb468.mdb Table:Table8I 
I DENSITIES IN"MBER OF PLANKTONPER 100 CUBICMETERSOFWATER 

I 
I 

STATIONS 

I 
I 
I 

MEANS 
SPECIES 1 4 5 9 10 21 23 ARITHM. GEOM. 

OSHERUS WORDAX 0.00 0.00 8.24 0.00 0.00 0.00 0.00 1.18 0.37 

w u s  MoREuA 0.89 0.00 0.00 0.00 0.00 0.00 1.09 0.28 0.22 

SYNGNATHUS FUSCUS 0.00 0.00 0.00 0.00 0.00 0.86 0.00 0.12 0.09 

wyoxocEPHALus AENAEUS 1.78 0.00 0.92 0.00 0.00 2.57 3.27 1.22 0.87 

M O D Y T P S  S P .  6.23 3.02 0.92 6.98 6.38 16.26 1.09 3.84 3.89 

P. AMERICANUS STAGE 1 8.02 3.02 1.83 3.49 3.19 0.86 6.53 3.85 3.10 

I 
9. 	AMERICANUS STAGE 2 40.08 5.03 24.72 23.26 45.75 14 -55 30.49 26.27 21* 82 

P. AMERICANUS STAGE 3 8.91 3.02 10.07 15.12 23.41 14.55 19.60 13.52 11.54 

0.  AMERICANUS TOTAL 57.00 11.07 36.62 41.87 72.35 29.96 56.63 43.64 38.20 

UNIDENTIFIED EaALB3ENTS 0.00 0.00 0.00 0.00 1.06 0.00 0.00 0.15 0 .11  

P. AMERICANUS TOTAL 57.00 11.07 36.62 41.87 72.35 29.96 56.63 87.28 38.20 

TOTAL LARVAE 65.90 14.09 46.69 48.85 79.79 49.65 62.08 52.43 47. i eI 

I '  

I 

I 

I 

M a h e  Research,Ine,FahoUlk, M a  

I 



I 

I 
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MOUNTHOPE BAY ICHTHYOPLANKTONSTUDY 13 APRIL 1998 

File C:\Ma<E\accessLnhb468.mdbTable:Table13 

DENSITIES INNUMBER OF PLANKTONPER 100 CUBICMETERS OFWATER 

---I_ 3 

STATIONS 

MEANS I 


== 

SPECLES 1 4 5 9 10 21 13 ARITHM. OEOM. 

13.92 3.29 5.25 7.63 106.56 38.19 67.72 34.65 17.I 

0.00 4.93 1.05 0.00 9.27 7.03 9.54 4.55 

0.00 0.00 3.15 1 .91  0.00 0.00 0.00 0.72 :i 
13.91 8.22 9.46 9.54 115.83 45.22 77.25 39.92 23.6 

I 

I 

I 

I 

I 

I 


* I  

I 

I 

I 

I 




MOUNT HOPE BAY ICHTHYOPLANKTON STUDY 13APRIL 1998 

FileC:\MME\access\mhb468.mdb Table:Table13 

DENSITIES INNUMBER OF PLANKTONPER 100 CUBICMETERS OFWATER 

STATIONS 

MEANS 
SPECIES 1 4 5 9 10 21 23 AIUTHM. OEOM. 

amm BARENWS 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.14 0.10 

OsnERUS LloRDAx 0 .oo 4.93 4.20 0.00 0.00 0.00 0.00 1.30 0.63 

-us MORHUA 0.99 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.10 

~(YOXOCEPBALWSAENAEWS 3.98 0.00 3.15 1 .91  0.00 3.01 8.58 2.95 2.02 

LIPARIS ATLANTICUS 0.00 0.00 0.00 0.00 0.93 0.00 0.95 0.27 0.21 

Ak@fODYTES SP. 5.96 23.01 11.56 23.85 7.41 13.06 38.15 17.57 14 .58 

P. AMERICANUS STAGE 1 3.98 0.00 4.20 6.68 8.34 3.01 1.91 4.02 3.16 

P. AMERICANUS STAGE 2 54.68 26.30 46.24 3.82 25.95 6.03 5.72 24.10 15.62 

P. AMERICANUS STAGE 3 53.68 32.87 28.37 5.72 14.83 5.02 14.31 22.12 16.30 

P. AUElUCANUS TOTAL 112.33 59.17 78.82 16.22 49.11 14.07 21.94 50.24 38.65 

TOT= W A X  123.27 87.11 97.73 41.98 57.45 31.15 69.62 72.62 66.06 



--------------- 

II MOUNTHOPEBAY ICHTHYOPLANKTON STUDY 17 APRIL 1998 


File C:\M[KE\accessLnhbl68.mdb Table:Table17 I 

DENSlTES IN"MBER OFPLANKTONPER 100 CUBIC METERSOF WATER I 


-
 EGGS 

STATIONS 


MEANS I 

SPECIES 1 4 s 9 10 21 23 ARITHM. GEOM. 


MCHIILYOPUS c r m u s  5.50 2.76 23.58 87.20 66.72 175.39 76.13 62.47 

31 II 

LABRIDAE 11.79 10.12 3.22 17.44 10.40 3.93 0.94 8.26 5.9: 

1.57 0.00 4.29 0.87 0.87 21.24 5.64 4.92 

18.87 12.88 31.09 105.51 77.98 200.56 82.71 75.66 52.'1 

Marine Research,IncJaImouth, Ma 



MOUNT HOPEBAY ICHTHYOPLANKTONSTUDY 17APRIL 1998 

File C\MME\accessLnhb468.mdb Table:Table17 

DENSlTES INNUMBER OF PLANKTONPER 100 CUBICh4ETFRS OF WATER 

STATIONS 

SPECIES 1 4 5 9 10 21 23 
MEANS

ARITKM, GEOM. 

oswzzus MORDAX 0.00 0.00 0.00 0.87 0.00 0.00 0.00 0.12 0.09 

MQZOQADUS TOMCOD 0.00 0.00 0.00 0.00 0.00 0.79 0.00 0.11 0.09 

rnOXOCEPBAWlS AENAEVS 1.57 0.92 0.00 0.87 0.87 0.79 2.82 1.12 0.98 

TAUTOOOLABRUS ADSPERSUS 0.00 0.00 1.07 0.00 0.00 0.00 0.00 0.15 0.11 

AMMODYTES S P .  8.65 5.52 0.00 0.00 13.86 0.00 21.62 7.09 3.15 

ooBIOSoMA GINSBURQI 0.00 0.92 1.07 0.00 0.00 0.00 0.00 0.28 0.22 

P. AMERICANU8 STAClp 1 0.00 0.00 2.14 0.00 0.00 2.36 0.94 0.78 0.54 

P. AHERfcAHo8 STA13p 2 14.15 1.84 9.65 40.99 25.99 44.05 24.44 23.01 16.16 

P. AMERICANUS STAGE 3 13.36 0.00 5.36 44.47 12.13 17.30 13.16 15.11 9.51 

P. AMERICANUS TOTAL 27.51 1.84 17.15 85.46 38.13 63.71 38.54 38.90 25.47 

TOTAL LARvAg 37.73 9.20 19.30 87.20 52.86 65.28 62.98 47.79 38.57 

MarineResearch,Inc,Fahou!h, Ma 



MOUNTHOPEBAY ICHTHYOPLANKTONSTUDY 21 APRZL 1998 

File C:\;MIKE\accesMb468.mdb Table:Table21 I 
DENSITIESINNUMBEROF PLANKTONPER 100 CUBICMETERS OF WATER B 

SPECIES 

MCBBLYOPUS CIMBRIUS 


LABRIDAX 


SCOWBBR S ~ U S 


S C O P E T ~ S 
AQuosus 

TOTAL PQQS 

-

1 

33.93 

11.92 

0.00 

8.25 

54.11 

EGGS 

STATIONS 
MEANS I 

4 5 9 10 21 23 ARITHM. OEOM 

2.00 5.93 123.88 11.40 85.68 43.50 43.76 

3.00 6.92 14.22 33.24 10.45 4.94 12.10 

2.00 0.00 0.00 0.00 0.00 0.00 0.29 

0.00 3.95 45.69 5.70 12.54 7.91 12* 01 6.7 
Y 

6.99 16.81 183.79 50.34 108.67 56.35 68. IS 

MarineResearch,I ~ , F ~ u t h ,Ma 
 I 



MOUNTHOPEBAY ICHTHYOPUN’KTONSTUDY 21 APRIL 1998 

File C\MIKmaccess\mhbl68.mdb Table:Table21 

STATIONS 

MEANS 
SPECIES 1 4 5 9 10 21 23 ARITHU GEOM. 

oswpws - 4.59 11.99 9.89 0.00 0.95 0.00 0.00 3.92 1.85 

x”cHpLy0Pus CIh5RIUS 0.00 0.00 0.99 0.00 0.00 0.00 0.00 0.14 0.10 

w p o x o c p P ~ sAPHAPUS 0.92 0.00 0.00 0.00 0.95 2.09 0.99 0.71 0.56 

AHMODYTES SP. 11.92 0.00 1.98 0.00 4.75 9.40 10.88 5.56 3.30 

P. AHERICANUS STABE 1 0.00 0.00 0.00 1.02 0.95 1.04 4.94 1.14 0.74 

P. ANERICANUS STAGZ 2 9.17 1.00 2.97 20.31 7.60 10.45 20.76 10.32 7.10 

P. AHERICANUS STAGE 3 23.85 1.00 3.95 25.39 2.85 11.49 6.92 10.78 6.59 

P. ANERICANUS STAOP 4 0.00 0.00 0.00 0.00 0.00 0.00 0.99 0.14 0.10 

P. AWERTCANUS TOTAL 33.02 2.00 6.92 46.71 11.40 22.99 33.61 22.38 15.20 

TOTAL LWWm 50.44 13.99 19.77 46.71 18.05 34.48 45.48 32.70 29.28 

Marine Research,Inc,Fplmonth,Ma 



MOUNTHOPEBAY ICHTHYOPLANKTONSTUDY 27 APRIL, 1998 


File C:\MIKE\;lccessLnb468.mdb Table:Table27 


D E N S m  INNUMBER OF PLANKTONPER 100 CUBICMETERSOF WATER 

SPECIES 

ENmELYOWS CIMBRIUS 


LAaRIDAE 


SaPHTlnLMUS AQUOSUS 


UNIDENTIFIED 


TOTAL EGGS 


STATIONS 

1 4 5 9 10 21 23 


42.05 13.64 1.04 3.94 21.95 49.64 41.17 24.70 

l4I 

64.83 399.33 76.91 227.72 59.46 25.26 54.89 129.77 86.8 


61.32 66.23 40.05 11.03 1.03 13.06 68.61 


0.00 0.97 0.00 0.00 0.00 0.00 0.00 


160.20 400.17 126.00 243.49 03.24 01.96 164.67 


I 


I 


I 

I 


Marine RctcarcJI,Inr,F&wuth, M a  1 



MOUNTHOPE BAY ICHTHYOPLANKTONSTUDY 27 APRIL 1998 

File C:UvliKEbccessMb468.mdb Table:Table27 

DENSITIES IN NUMBER OF PLANKTON PER 100 CUBIC METERSOF WATER 

STATIONS 

MEANS 
SPECIES 1 4 5 9 10 21 23 ARlTHM. GEOM. 

OSHERUS MORDAX 0.00 0.00 5.20 0.99 0.00 0.00 0.00 0.88 0.43 

pNCB&LYOPuS CIWBRIUS 0.00 0.00 1.04 0.00 0.00 0.00 0.00 0.15 0.11 

wyoxocEPHAcvs M W U S  0.88 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.09 

ULVARIA SVSBIFURCATA 0.88 0.97 0.00 0.99 0.00 0.87 0.98 0.67 0.60 

HODYTBS SP. 6.13 4.87 2.08 1.97 4.57 21.77 23.52 9.27 6.02 

QOBIOSOHR QINSBVROI 0.00 0.97 0.00 0.00 0.00 0.00 0.00 0.14 0.10 

P. AMERICANUS STAOE 2 2.63 0.00 3.12 0.99 0.00 5.23 2.94 2.13 1.56 

0. AMERICANUS STADB 3 5.26 0.00 6.24 6.90 0.00 2.61 14.70 5.10 3.12 

P. ANERICANUS TOT= 7.88 0.00 9.35 7.89 0.00 7.84 17.64 7.23 4.40 

TOTAG LARVAB 15. 77 6.82 17.67 11.83 4.57 30-48 42.15 18.47 14.46 

MarineRueardi, Jnc,Faho&, Ma 



I 
MOUNTHOPEBAY ICH’THYOPLANKTONSTUDY 1 MAY 1998 

FileC:\MIKmACCESSLnhb469.mdb Table:Table1 1 
DENSllTESINNUMBER OFPLANKTONPER 100 CUBICMETERS OF WATER 

1 

STATiONS 

MEANS 

SPECIES 

BRNOORTIA TyRA”u8 

1 

0.00 

4 

0.83 

5 

0.00 

9 

0.00 

10 

0.00 

21 

0.00 

23 

0.00 

ARITHM. 

0.12 

GEOM. 

0.’1 
MCHELYOPUS-VROPHYCIS-PPPRfLUS 8.20 0.00 0.00 2.88 8.40 78.45 39.35 19.61 

BNCEELYOPUS CIWBRlUS 0.91 0.00 1.00 0.00 0.00 0.00 0.00 0.27 

LAaRIDAE 275.00 414.24 292.82 178.80 183.82 39.23 153.14 219.58 181.8 

0.
I 

P A R A L x ’ c B T E Y s - s c o P ~ s  68.30 6.65 36.98 70.17 78.78 53.31 101.81 59.43 


TOTAL 055s 352.40 421.73 330.80 251.86 271.00 170.99 294.30 299.01 289.3 

4 6 1  


a 

I 

I 

I 




MOUNTHOPE BAY ICHTHYOPLANKTON STUDY 1 MAY 1998 

File C\MIKE\ACCESSLnhb469.mdb Table:Table1 

STATIONS 

MEANS 
SPECIES 1 4 5 9 10 21 23 ARITHM. GEOM. 

09wPRu8 WORaAx 0.00 0.00 1.00 0.00 2.10 0.00 0.00 0.44 0.30 

CImRIUS~ ~ Y O P v g  0.00 0.00 0.00 0.96 0.00 2.01 0.00 0.42 0.29 

M Y O X ~ P E A L U SABNAPUS 0.00 0.00 0.00 0.00 0.00 1 .01  0.00 0.14 0.10 

ULVARIA SUaBIFURCATA 0.00 0.83 1.00 0.00 1.05 2.01 0.86 0.82 0.71 

UQKX)YTPS SP. 6.37 1.66 4.00 0.00 2.10 1 .01  2.57 2.53 2.00 

008IOSOMh OINSBVROI 0.00 0.00 0.00 0.96 2.10 2 .01  0.00 0.72 0.51 

0 .  -CANUS STAGE 1 0.00 0.00 0.00 0.00 0.00 1.01 0.00 0.14 0.10 

P. AHERICANUS STAGP 2 0.00 0.00 1.00 3.85 0.00 1 .01  0.00 0.84 0.53 

P. AWERICAWOB STAGE 3 0.00 0.00 0.00 1.92 2.10 0.00 0.86 0.70 0.50 

P. AHBRlCANUS TOTAL 0.00 0.00 1.00 5.77 2.10 2.01 0.86 1.68 1.18 

TOTAL LARVAE 6.37 2.50 7.00 7.69 9.45 10.06 4.28 6.76 6.19 



32.07 

1 
MOUNTHOPEBAY ICHTHYOPLANKTONSTUDY 6 MAY 1998 


File C:\MIKE\ACCESSLnhb469.m& Table: Tabld I 

1 


STATIONS I-
MEANS 

SPECIES 1 4 5 9 10 21 23 ARTTHM. G E O U  

BRWOORTIA TYRAHNuB 56.34 17.24 2103.06 498.36 1710.18 8-61 4.65 628.41 94. 

XNNQIPLYOPUS-UROPEYCIS-RXPRILUS 29.39 0.00 0.00 70.39 67.71 45.40 11.62 


~ C R X L Y O P U SCIWBRIUS 1.63 0.00 0.00 2.11 0.00 3.91 0.77 1.20 12_1
0. 


LAaRIDAE 725.04 50.89 447.80 123.18 552.37 325.59 513.00 391.13 293.51 

P ~ I c R T E Y s - s c o P H T ~ s  114.31 3.28 235.10 75.32 201.35 87.66 106.17 117.60 74.1 

TOTAL LOOS 926.71 71.41 2785.96 769.37 2532.01 471.17 636.22 1170.41 727.3 

I 

I 

I 


I 

I 




MOUNTHOPEBAY I C H T " K T 0 N  STUDY 6 MAY 1998 

File C:WMCCESS\mhw69.mdb Table:Table6 

DENSITIES INNUMBER OFPLANKTONPER 100 CUBICMETERSOF WATER 

SPECIES 

BRPVOORTIA TPRANWOS 

osMBRu9 WORDAX 

%NCR%LYOPuS CIWBRTUS 

TAUTOGA ONITIS 

TAUTOOOLABRu9 ADSPXRSUS 

T.  ADSPERSUS STAOL 1 

T .  ADSP%RSUS STAOP 2 

ULVARIA SUBBI-CATA 

-PTBS SP. 

OOBIOSOHA QINSBURaI 

Se0PnT"S AQvasus 

P. AWPRICANUS STAGE 3 

P .  AMERICANUS TOTAL 

TOTAL -A% 

STATIONS 

MEANS~ 

1 4 5 9 10 21 23 ARITHM. GEOM. 

0.00 0.00 0.00 0.00 0.00 0.78 0.00 0.11 0.09 

3.27 4.92 0.00 0.00 0.00 0.00 0.00 1.17 0.59 

0.00 0.00 0.00 0.70 0.00 0.00 0.00 0.10 0.08 

0.00 0.00 0.00 0.00 0.00 3.13 2.32 0.78 0.45 

0.00 0.00 0.00 0.00 0.00 0.78 0.00 0.11 0.09 

3.27 1.64 0.00 0.70 0.89 0.00 0.00 0.93 0.67 

0.00 0.00 0.00 0.70 0.00 0.00 0.00 0.10 0.08 

0.00 0.82 0.00 0.00 0.00 0.00 0.00 0.12 0.09 

0.00 0.00 3.20 0.00 0.00 1.57 0.00 0.68 0.40 

0.00 0.00 0.00 0.00 0.00 0.78 0.00 0.11 0.09 

0.00 0.82 0.00 0.00 0.00 0.00 1.55 0.34 0.25 

1.63 0.00 0.00 0.00 0.00 0.00 0.77 0.34 0.25 

1.63 0.00 0.00 0.00 0.00 0.00 0.77 0.34 0.25 

8.16 8.21 3.20 2.11 0.89 7.04 4.65 4.90 3.88 



I 

MOUNT HOPE BAY ICHTHYOPLANKTON STUDY 13MAY 1998 

File C:\MoKE\ACCEsSLnhb469.mdb Table:Table13 

DENSITlEs INNUMBER OFPL4NKTONPER 100CUBIC METERS OFWATER I 

SPECIES 

BRRIOORTIA mRANNUS 

MCBELYoPus-uRoPHpcIs-P~PRILus 

MCBELYOPVS C I ~ I W S  

-DAB 


SCOMBER ScoWaRuS 


R ~ I C E l ' E Y S - S C O P E T W S  


S C O P F I ~ S 
AQUOSWS 

TmAL %QGS 

STATlONS 

1 4 5 9 10 

0.00 1.42 1.48 0.00 0.73 

13.19 0.71 8.86 2.02 22.77 

1.5s 0.71 0.00 0.00 0.00 

185.42 309.42 261.36 359.69 279.16 

0.00 0.00 0.00 0.00 0.00 

96.20 68.84 56.11 43.70 78.61 

0.00 1.42 1.48 1.34 0.00 

296.36 382.51 329.29 406.15 381.28 

21 23 

0.00 0.00 


31.50 47.84 


0.00 0.66 


129.76 927.64 


2.25 1.33 


41.25 134.23 


0.00 0.00 


204.76 1111.71 


MEANS 1 
AI". GEOEn. 

0.42 


350.35 292. 


74.13 68 


0.61 0.4 


444.67 387l 


1 
I 

I 

I 

I 

1 

I 
SI 



--- 

MOUNTHOPE BAY ICHTHYOPLANKTON STUDY 13MAY 1998 

File C:\MJKmACCESShhb469.mdb Table:Table13 

DENSITIES INNUMBEROFPLANKTONPER 100 CUBICMETERS OF WATER 

-_-I-- --I 
-I_-- LARVAE ~ 

-

STATIONS 

MEANS 
SPECIES 1 4 5 9 10 21 23 ARITHM. GEOM. 

BRNOORTIA TIRANNUS 0.70 0.71 1.40 0.00 0.73 0.00 0.00 0.53 0.44 

08wPw9 WaRDAX 0.00 0.71 0.00 0.00 0.00 0.00 0.00 0.10 0.00 

SNCEXLYOHIS CInaRfUS 0.00 0.00 0.00 0.00 1.47 0.00 0.66 0.30 0.22 

UROPHYCIS SPP. 0.00 0.00 0.00 0.00 0.00 1.50 0.00 0.21 0.14 

MENIDIA SPP. 0.00 0.00 0.74 0.00 0.73 0.00 0.00 0.21  0.17 

LIPARIS ATLANTICUS 1.55 0.71 0.00 0.00 0.00 0.00 0.00 0.32 0.23 

WLVARIA SUBBIRlRcATA 0.70 0.00 0.00 0.00 0.00 0.75 0.00 0.22 0.18 

AWODYTPS SP. 0.00 0.71 0.00 0.67 0.73 0.00 0.66 0.40 0.35 

OINSBVRaI 0.00 0.00 0.74 0.00 0.00 0.00 0.00 0.11 0.000 0 8 I O S ~  


ScoPET"8 AQvasus 1.55 1.42 2.21 0.67 0.00 0.75 0.66 1.04 0.92 


0 .  	AMERICANU8 STAGX 3 3.00 0.00 0.74 0.00 0.00 0.00 0.66 0.75 0.46 

P .  AMKRICANUS STAGE 4 0.00 0.00 0.00 0.00 0.00 0.00 0.66 0.09 0.00 

P .  AMERICANUS TOTAT. 3.00 0.00 0.74 0.00 0.00 0.00 1.33 0.05 0.53 

TOTAT. LARVAP 0.53 4.26 5.91 1.34 3.67 3.00 3.32 4.29 3.76I 
1 
I 
I 

I 

I 

E 

1 

Marine Raearch, I m , F d m o d ,  M a  
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MOUNTHOPE BAY ICHTHYOPL4NKTONSTUDY 18 MAY 1998 


File C\MwEv\CCESS\mhbQ69.mdb Table:Table18 I 

DENSlTIESINNUMBER OF PLANKTONPER 100 CUBICMETERSOF WATER I 


SPECIES 

BREVOORTIA TYRANNUS 


MCBPLYOPUS-UROPEYCIS-PPPRILUS 


MCEELYOPUS CIHBRIUS 


LABRIDAE 


scolmmz scowBRus 


P A R A L x c m ~ s - s c o P E r ~ s  


S c o P R T ~ S 
AQUOSUS 

EIPPOGLOSSOIDPS PLATPSSOIDPS 


TOTAL OaOS 


234.81 2146.09 2864.89 22580.79 0.00 

0.74 0.00 1.76 0.00 12.14 

0.71 0.00 0.88 0.00 0.00 

553.80 1950.33 904.52 1467.34 267.02 

0.00 0.00 0.00 0.00 0.71 

39.87 6.13 35.20 27.17 67.83 

6.65 2.72 2.64 0.00 10.11 

0.00 0.00 0.00 0.00 0.00 

836.61 4405.27 3809.88 24075.31 358.41 

43.72 48.90 4031.31 

55.76 18.34 12.68 3 . 9  

0.63 1.75 

696.97 883.61 960.51 813.4 

0.00 0.00 

157.13 129.22 66. 08 44 

0.00 5.24 

0.00 3.49 0 .50  

954.21 1090.55 5075.75 1995 

I 


I 


I 




MOUNTHOPEBAY 1 C I . I T " K T O N  STUDY 18 MAY 1998 

File C:wCCESS\mhb469.mdb Table:Table18 

STATIONS 

MEANS 
SPECIES 1 4 5 9 10 21 23 A"u. GEOM. 

BRXVOORTIA TYRANHOS 4.43 1.36 0.00 0.00 10.71 0.00 0.00 2.36 1.05 

M ~ Y O P U SCIMBRIUS 0.00 0.68 1.76 0.00 0.00 1.27 0.00 0.53 0.40 

VROPHYCIS SOP. 0.00 0.68 0.88 0.85 0.00 0.63 0.00 0.43 0.38 

WNIDIA SOP. 0.00 0.68 0.88 0.00 0.00 0.63 0.00 0.31 0.26 

QASTPROSTEUS n T U S 0.00 0.00 0.00 0.00 0.00 0.00 0.87 0.12 0.09 

LIPARlS ATLANTINS 0.00 0.00 0.00 0.00 0.00 0.63 2.62 0.46 0.29 

T.  ADSPPRSUS STAGE 1 1.48 0.68 0.00 0.85 0.71 1.27 0.00 0.71 0.62 

ULVARlA SVBBIRmCATA 0.00 0.00 0.00 0.00 0.71 0.00 0.87 0.23 0.18 

WODYTBS SP.  0.00 0.00 0.00 0.00 0.71 0.00 0.00 0.10 0.08 

S C O P R T ~ Sryluosus 0.74 6.13 1.76 1.70 3.57 0.00 0.00 1.99 1.37 

P .  AWpRfCAMJS STAGE 3 0.00 0.00 0.00 0.00 0.71 0.63 2.62 0.57 0.39 

P .  AMERICANUS S T U B  4 0.00 0.00 0.00 0.00 0.00 0.00 1.75 0.25 0.16 

P .  AMERICANUS TOTAT. 0.00 0.00 0.00 0.00 0.71 0.63 4.37 0.82 0.47 

VNIDENTIFIED m N T S  0.00 0.00 0.00 0.85 0.00 0.00 0.00 0.12 0.09 

TOTAL JARVAE 6.65 10.21 5.28 4.25 17.14 5.07 8.73 8.19 7.35 



Table A3. 	Larval winter flounder population densities per 100 cubic meters of water 
recorded at Brayton Point Units 1,2,3 Intake Station I inupper and lower 
halves of the water column, February to mid-May, 1998. 



Appendix Table A3. Larvalwinter flounder population densitiesper 100 cubicmeters 
ofwater recorded atBrayton Point Units 1,2,3 Intake Station I 

in upper and lower halvesofthe water column, 

Febr~ary- mid-May, 1998. 


Date Strataand Stage1 Stage2 Stage3 Stage4 Total 
1998 Replicate Density Density Density Density Density 


Feb17 	 Upper1 5.95 4.25 0.00 0.00 10.20 

upper 2 5.33 7.11 0.00 0.00 12.45 

Upper 3 10.39 8.91 0.00 0.00 19.29 

Lower 1 27.96 2.27 0.00 0.00 30.22 

Lower 2 20.70 3.70 0.00 0.00 24.39 

Lower 3 24.80 5.67 0.00 0.00 30.47 


March2 	 Upper1 12.91 8.88 0.00 0.00 21.79 

Upper 2 28.17 11.56 0.00 0.00 39.72 

Upper 3 8.88 13.32 0.00 0.00 22.20 

Lower 1 34.19 10.01 0.00 0.00 44.20 

Lower 2 31.08 3.70 0.00 0.00 34.78 

Lower 3 30.95 11.74 0.00 0.00 42.70 


March 6 	 Upper 1 41.76 25.99 0.00 0.00 67.75 

Upper 2 35.63 18.27 0.00 0.00 53.91 

Upper 3 42.12 19.71 0.00 0.00 61.83 

Lower 1 31.34 18.65 0.00 0.00 49.99 

Lower 2 37.09 18.54 0.00 0.00 55.63 

Lower 3 34.62 10.72 0.00 0.00 45.33 


M a d 1 1  	 Upper1 9.26 16.83 0.84 0.00 26.93 

Upper 2 0.86 4.32 0.00 0.00 5.19 

Upper 3 9.96 26.05 0.00 0.00 36.01 

Lower 1 15.20 25.08 0.00 0.00 40.28 

Lower 2 13.87 56.95 0.73 0.00 71.55 

Lower 3 25.07 19.91 0.00 0.00 44.99 


March 16 	 Upper 1 4.99 14.96 0.00 0.00 19.94 

Upper 2 0.00 11.80 0.00 0.00 11.80 

Upper 3 3.08 10.78 0.00 0.00 13.86 

Lower 1 0.79 3.17 0.00 0.00 3.97 

Lower 2 2.28 12.16 0.00 0.00 14.44 

Lower 3 0.00 3.16 0.00 0.00 3.16 


March 20 	 Upper 1 15.57 80.43 1.73 0.00 97.72 

Upper 2 18.53 77.32 0.00 0.00 05.85 

Upper 3 35.44 55.43 0.00 0.00 90.87 

Lower 1 34.01 34.80 0.79 0.00 69.60 

Lower 2 9.86 31.86 1.52 0.00 43.23 

Lower 3 26.30 22.03 0.71 0.00 49.04 


March 25 	 Upper 1 4.71 24.71 1.18 0.00 30.50 

Upper 2 7.44 27.92 1.86 0.00 37.22 

Upper 3 8.34 44.81 0.00 0.00 53.14 

Lower 1 16.33 35.23 0.00 0.00 51.55 
Lower 2 21.43 29.81 0.00 0.00 51.24 
Lower 3 7.24 14.48 0.00 0.00 21.71 

I 

I 

I 

I 

1 

I 

I 

1 

I 

I 

1 

I 

I 

1 

I 

I 

1 

I 

I 




I Appendix Table A3.continued. 

Date Stratamd Stage1 Stage2 Stage3 Stage4 Total 
1998 Replicate Dens'lty Density Density Density Dens'Ry 

March30 	 Upper1 10.02 22.04 4.01 0.00 36.06 
upper 2 10.63 30.70 0.00 0.00 41.32 
Upper3 0.00 14.74 1.os 0.00 15.79 
Lower1 18.52 31.75 1.76 0.00 52.03 
Lower 2 13.53 50.75 3.38 0.00 67.66 
Lower 3 19.46 8.19 1.02 0.00 28.68 

April 3 	 upper 1 0.96 1.84 0.46 0.00 3.26 
Upper 2 2.68 7.62 2.68 0.00 12.98 
U p w r  3 1.06 14.86 6.37 0.00 22.29 
Lower1 67.14 24.50 3.63 0.00 95.27 
Lower 2 45.47 39.22 15.16 0.00 99.85 
Inwer 3 40.09 30.90 8.35 0.00 79.35 

April 8 	 Upper 1 1.15 33.46 17.31 0.00 51.92 
Upper 2 0.00 6.17 3.80 0.00 9.97 
Upper 3 3.15 22.07 12.61 0.00 37.83 
Lower 1 0.85 41.57 20.36 0.00 62.77 
Lower 2 3.04 16.73 8.62 0.00 28.39 
Lower 3 6.03 31.02 17.23 0.00 54.28 

April 13 	 Upper 1 2.69 33.18 19.73 0.00 55.60 
Upper 2 3.18 24.38 15.90 0.00 43.46 
Upper 3 9.84 18.78 8.94 0.00 37.56 
Lower 1 7.33 38.30 39.11 0.00 84.74 
Lower 2 3.72 25.11 27.90 0.00 56.72 
m e r  3 8.12 23.45 31.57 0.00 63.14 

AprU 17 	 Upper 1 2.89 6.75 9.65 0.00 19.30 
Upper 2 3.02 1.51 2.27 0.00 6.80 
Upper 3 0.79 2.38 3.97 0.00 7.14 
Loner 1 1.79 14.35 30.50 0.00 46.64 
Inner 2 1.49 5.98 24.66 0.00 32.13 
Lower3 1.58 2.37 20.57 0.00 24.53 

April 21 	 Upper 1 2.01 0.00 19.09 0.00 21.io 
Upper 2 2.67 6.22 19.55 0.00 28.43 
Upper 3 0.79 4.77 10.33 0.79 16.68 
Lower 1 0.94 5.61 27.12 0.00 33.67 
Lower2 5.43 3.88 25.60 0.00 34.91 
Lower 3 4.20 0.00 29.43 0.00 33.63 

AprU 27 	 Upper 1 0.00 9.82 24.56 0.00 34.38 
Upper 2 0.00 5.62 8.84 0.00 14.46 
Upper3 0.00 5.11 27.26 0.00 32.37 
Lower 1 2.47 6.59 42.83 0.00 51.89 
Lower 2 0.76 7.59 34.90 0.00 43.25 
Lower 3 0.84 7.54 34.35 0.00 42.72I 

I 
8 
I 



Appendix Table A3.continued. 

Date Strataand Stage1 Stage2 Stage3 Stage4 Total 
1998 Replicate Density Density Density Density Density 

M a y 1  Upper1 0.00 0.82 3.29 0.00 4.12 
upper 2 0.00 0.97 5.84 0.00 6.81 
Upper 3 0.00 0.88 3.51 0.00 4.39 
Lower 1 0.00 1.47 11.05 0.00 12.52 
Lower 2 0.00 3.62 17.22 0.00 20.84 
Lower 3 0.00 4.87 25.98 0.81 31.66 

May 6 Upper 1 
Upper 2 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

Upper 3 0.00 0.76 0.00 0.00 0.76 
Lower 1 0.00 0.00 1.40 0.00 1.40 
Lower 2 0.00 0.00 2.15 0.00 2.15 
Lower 3 0.00 2.16 2.16 1.44 5.76 

May 13 Upper 1 0.00 4.71 5.49 0.00 10.20 
Upper 2 0.00 1.49 11.14 0.00 12.63 
Upper 3 0.00 1.53 11.49 0.77 13.79 
Lower 1 0.00 8.65 59.82 2.16 70.63 
Lower 2 0.00 7.71 60.94 1.40 70.05 
Lower 3 0.00 8.54 38.17 1.71 48.42 

May 18 Upper 1 0.00 0.00 0.77 0.00 0.77 
Upper 2 0.00 0.00 0.00 0.00 0.00 
Upper 3 0.00 0.00 0.81 0.00 0.81 
Lower 1 0.00 0.75 4.49 0.75 5.99 
Lower 2 0.00 0.00 0.00 0.00 0.00 
Lower 3 0.00 0.78 1.57 0.00 2.35 



1 
I 
I 
I 
4 
I 
I 

TableA4. Larval winter flounder population densitiesper 100 cubic meters of water 
recorded at Montaup Station M, February to mid-May 1998. 



Appendix Table A4. Larvalwinter flounder population densitiesper 100 cubic 
meters of water recordedat Montaup Station M,Febntary 
mid-May 1998. 

Larval Winter Flounder 

Date Stage 1 Stage 2 Stage 3 Stage 4 Total 

1998 Density Density Density Density Density 


February 17 6.50 2.44 0.00 0.00 0.94 
March 2 0.00 0.83 0.00 0.00 0.83 


6 16.64 15.71 0.00 0.00 32.35 

13 6.23 14.54 0.00 0.00 20.77 

16 0.77 14.63 0.00 0.00 15.40 

20 11.31 25.70 1.03 0.00 38.03 

25 10.97 19.95 0.00 0.00 30.93 

30 0.91 31.06 3.65 0.00 35.63 


April 3 18.53 73.31 13.70 0.00 105.53 
8 3.59 28.70 5.38 0.00 37.67 

13 7.01 29.80 28.04 0.00 64.85 

17 8.69 17.38 28.67 0.00 54.74 

21 0.87 6.07 3.47 0.00 10.41 

27 0.00 0.00 9.76 0.00 9.76 


M a Y  I 0.00 0.96 1.93 0.00 2.89 

6 0.00 0.77 0.00 0.00 0.77 

13 0.00 0.67 2.01 0.00 2.68 

18 0.00 0.00 0.68 0.00 0.68 


I 

1 

I 

I 

I 

1 

1 

I 

I 

1 

1 




Table A5. Fish egg and larval population densities per 100 m3of water for 
each species entrained at Brayton Point, February-May 1998. 



A ; ,  

BRAYTON POINT ICJ3THYOPLANKTONENTRAINMENT	STUDY 17 FEBRUARY 1998 

File C:\MME\access\bpSO.rndb Table: Tablel7Feb i 
DENSITIES INNUMBER OF PLANKTON PER 100 CUBIC METERS OF WATER i 

STATIONS 

SPECIES UNm 1.22 unit4 1 
CLUPEA HAFSNWS I /$/ /'I" ' 

CLUPEA HARENOUS IT 

CLUPEA "GUS I11 


ARITHMBTIC WEAN CLUPEA BAREWOUS 
GEOMETRIC WeAN CLUPEA " W S  

/ 

MICROOADUS TOMCOD I /' 
i 1-94, / J 

HICROGhDUS TOMCOD I1 

MICROGADUS TOMCOD I11 


ARITHMETIC HEAN MI-US TOMCOD 

GEOMETRIC MEAN MCROQADUS TOMCOD 


MYOXOCEPHALUS SPP. I cj i/ 'i' ' 
7 g 


MYoxocEP~usSPP. I1 

WYOXOCEPHALUS SPP. I11 


ARITHMETIC PIEAN MYOXOCEPHAGUS SPP. 

GEOMETRIC MEAN MYOXocEPHAtUS SPP. 


MYoxocEPBALus MNAEUS I 
,I/ J / 


MYOXOcEPBALUS AENAEUS I1 

moxOCEPBALus AENAEUS I11 


ARITHMETIC MEAN MYOXOCEPBALUS MNA?XJS 


MYOXOCEPBALUS OCTODECEMSPINOSUS I '"-; 

MYOXOCEPBALUS OCTODECEMSPINOSUS If 

MYOXOCEPFUGUS OCTODECEMSPINOSUS 111 


ARITHMETIC MEAN MYOXOCEPBACUS OCXODECEMSPINOSUS 

GEOMETRIC HEAN MYOXocEPHAcu8 OCTODECEHSPINOSUS 


,;: s :'
'& ;li!'t;p j 1*(.7

I', i
PXOLIS GWNNELLUS I 
PHOLIS auNwEL;Lus 11 
PXOLIS QVNNEWS I11 

ARITHMETIC MEAN PEOLIS 0V"ELLvS 
GEOMETRIC UBAN PXOLIS 0U"ELLUS 

E L 

E,>fig ., 1% i: i " f I d ,

AMODYTES SP. I 
MODYTES SP. I1 

WODYTES SP. 111 


ARITHMETIC MEAN AMMODYTES SP. 

GEOMETRIC MEAN AMMODYTES SP. 


I-?, 
i -Jd $2p i. ,  

1,
I'
1 j ~ L'$' 

3 .  IP. AMERICANUS STAGE 1 I 
0. AMERICANOS STAGE 1 TI 

P. AMERICANUS STAGE 1 I11 

ARITEMETIC MEAN P. AMERICANUS STAQE 1 
GEOMETRIC MEAN P. AMERICANUS STAGE 1 

2.46 
10.62 

8 .01  
7.03 1 
6.12 

0 .61  10.00 
0.00 

0 .20  
0.17 1 

0.00 
0.62 
0.00 

0 .21  1 
0.18 

30.73 1 
26.25 
26.33 

27.77 
27.60 1 

0.00 
0.62 
1 .72  1 

0.78 
0.64 

1 .23  1 
3.75 
2.29 

2.42 
2.26 1 

20.28 
20.62 
0.00 1 

13.64 
6.70 

1
0.00 
1 .87  
0.00 

0.62 
0 .42  1 

1 
Marine Reswrch,Inc, FalmouZh,M a  

1 
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DENSITIES IN " B E R  

SPECIES 

P. AMERICANUS STAOE 2 I 
P. AMERICANUS STAGE 2 I1 
P. AMERICANUS STAGE 2 111 

ARITHMETIC MEAN 0. AMERICANUS STAGE 2 
GEOMETRIC W 0.  AMERICANUS STAOB 2 

TOTAL W A X ,  I 
TOTAL W A X ,  11 
TOTAL LARVAE 111 

ARITBNETIC XW&l TOTAL LRRvAp 
GEOMETRIC M&AN TOTAL WIRVAB 

P.AMERIawuS TOTAL I 

P.AwERICANUS TOTAL I1 

P.AMERIcANvS TOTAL 111 

ARITHKETIC HEAN TOTAL 0.AMERICANUS 

GEOMETRIC HEAW TOTAL P.AMERICANUS 


File C:-bp8O.mdb Table: Tablel7Feb 

OF PLANKTON PER 100 CUBICMETERSOFWATER 

STATIONS 

UNITS 1.23 unit4 

1.23  
1.25 
1 .72  

1 .40  
1.39 

56.55 
65.61 
40.07 

54.08 
52.78 

1 .23  
3.12 
1.72 

2.02 
1 .92  

Marine Research,Inc, Flllmouh, M a  
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BRAYTON POINTICHTHYOPLANKTONENT"MENT	STUDY I7FEE3RUARY 1998 

File C\MIKE\access\bpSO.mdb Table:Tablel7Feb 

DENSmS INNUh4BER OF PLANKTON PER 100 CUBIC METERSOF WATER 

SPECIES 

PNCEELYOPUS CIMBRIUS I / , J i  " 
MCBELYOPUS CIHBRIUS I1 
gNQIELY0PUS CIWBRIUS I11 

ARITHMETIC WEAN ENCHELYOPUS CIHBRIUS 
GEOHgTRIC )I(EAN PNCHELYOPUS CIMBRIUS ,ill d

ii i i 
HIPPOGLOSSOIDES PLATESSOIDES I /hd 

HIPPOQLOSSOIDES PLATESSOIDES I1 
HIPPOQLOSSOIDES PLATESSOIDES 111 

ARITHMETIC HEAN BIPWOLOSSOIDES PLATESSOIDES 

GEOMETRIC MEAN HIPPOGLOSSOIDES PLATESSOIDES 


!&", "'A'' /  
PLEVRONECTES AMERICANUS I ,lk./ \ 
PLEURONECTES AMERICANUS XI 
PLEVRONECTES AMERICANUS I11 

ARITHMETIC HEAN PLEURONECTES AMZRICANUS 

QEOHETRIC MEAN PLEVRONECTES AMERICANUS 


TOTAL EGGS I 
TOTAL EQGS I1 
TOTAL EQGS I11 

ARITHMETIC HEAN TOTAL PaQS 
QEOMBTRIC WEAN TOTAL E009 

STATlONS 

IJNlTs193 UNIT4 

0.61 

2.50 

0.57 

1.23 

1.07 


0.00 

1.87 

0.00 

0.62 

0.42 

0.61 

1.87 

1.14 

1.21 

1.15 


1.23 

6.2s 
1.72 

3.07 

2.52 


Marine Racorcl, I%, F a h o d ,  Ma 

1 

I 


1 

I 

I 

I 

I 

I 
I 
I 
I 
I 
I 
1 
I 
I 

I 




BRAYTON POINTICHTHYOPLANKTONENTRAINMENTSTUDY 2 MARCH 1998 

File C:\MIKE\accessbpSO.mdb Table: Table2 

DENSITIESIN NUMBER OF PLANKTON PER 100 CUBIC METERSOFWATER 

STATIONS 

SPECIES UNITS 1.29 UNIT4 

CLUPEh HARENOUS I 
EwlpEA "OUS 11 
CLUPEh -Gus I11 

AFST-TIC 13EAw CLUPEh " a u S  
GEOMETRIC MeAH CLUPEA BAREHOUS 

MYOXOCEPBAtUS AENAEUS I 
HyoxocEPBACus AENJLEUS 11 
M Y o x o c E P ~ u sAENAEUS I11 

ARITHMETIC MEAN HYOXOCEPWUUS AENAeUS 
GEOMETRIC MEAN HYOXOCEPBACUS AElsAEUS 

PBOLIS OuwNwUs I 
PHOLIS -US I1 
PHOLIS OUNNELLVS I11 

ARITHMETIC WEAN PHOLIS OUNNEUUS 
GEOMETRIC MEAW PBOLIS -US 

M O D Y T E S  SP. I 
M O D Y T E S  SP. I1 
W O D Y T E S  SP. I11 

ARITHMETIC MEAN M O D Y T E S  SP. 
QEOHETRIC WEAN AHMODYTES SP. 

P. AMERICANUS STAGE 1 I 
P. AMERICANUS STAGE 1 I1 
P. AMERICANUS STAGE 1 I11 

ARITHMETIC MFAN P. AMERICANUS STAOE 1 
QEOHETRIC HEAW P. AMERICANUS STAGE 1 

P. AMERICANUS STAGE 2 I 

P. AMERICANUS STAGE 2 I1 

P. AMERICANUS STAGE 2 I11 


ARITHMETIC MEAN P. AMERICANUS STAGE 2 
GEOWETRIC MFAN P. AMERICANUS STAGE 2 

TOTAL M A E  I 
TOTAL LARVAE I1 
TOTAL LARVAE I21 

ARITHMETIC HEAN TOTAL LARvAe 
GEOMETRIC WEAN TOTAL LARVAE 

P.AMERICANUS TOTAL I 

P.AKERICANUS TOTAL 11 

P.AMERICANUS TOTAL 111 

A R I T M T I C  MEAN TOTAL P.AMERICANUS 

GEOMETRIC MEAN TOTAL P.AMERICANUS 


0.00 
2.32 
1 .33  

1 .22  
0.90 

4.34 
6.95 

11.33 
7.54 
7.04 

0.87 
1.54 
1 .33  

1.25 
1 .23  

33.88 
24.70 
23.32 

27.30 
26.84 

6.95 
6.95 
8 .00  

7.30 
7.27 

4.34 
6.18 
5 .33  

5.28 
5.23 

50.38 
48.63 
50 -65  

49.89 
49.68 

11.29 
13.12 
13.33 

12.58 
12 .51  

Marine Research, Inc, F&outlr, Ma 
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File C:\M1Kmaccessbp80.mdb Table: Table2 I 

DENSITIESINNUMBER OF PLANKTON PER 100 CUBIC METERS OF WATER 1 


SPECIES 

ENCHELYOPUS CIHBRIUS I 

ENCEELYOPVS CIMBRIUS IT 

BNCEELYOPUS CIHBRIUS I11 


ARITHMETIC MEAN ENCXELYOWS CIMBRIUS 
GEOMETRIC UEAN ENCHELYOPWS CIMBRIUS 


PLEURONECTES AMERICANUS I 

PLEUFtONECTES AMERICANUS I1 

PLpuRomcTEs AMeRICANuS 111 


ARITBMETIC HEAN PLEURONECTES AMERICAENS 

GEOKETRIC HEAN PLEURONECTES AMERICANUS 

TOTAL EGGS 1 

TOTAL EWS I1 

TOTAL EQGS I11 


ARITHMETIC MEAN TOTAL EGGS 

GEOMETRIC MEAN TOTAL EGGS 


STATIONS 

UNm 1 s  unit4 1 

20.85 
17.75 
17.33 

18.64 
18.52 

0:oo  1

3.86  


66.64 

23.50 


5 .89  
 1 
0.00 
0.00 
0.67 

0.22 1 

0.19 


20.85 1 

21.61 

84.63 


42.36 

33.72 1 


1 

1 


1 

1 


Marine Researdi, I n f ,  Falmoutli, Ma 1 
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I BRAYTON POINT ICHTHYOPLANKTONENTRAINMENT	S1VJlY 6 MARCH 1998 

File C:Uum(E\occess\bpSO.rndb Tnble:Table6 

DENSITIES INNUMBER OF PLANKTON PER 100 CUBICMETERSOF WATER 

SPECIES 

CLUPEA BARENGUS I 
CLUPEA BARENOUS I1 
CLTJPEA EARENcKlS I11 

ARITgMETIC MEAN CLTJPEA -NOUS 
GEOMETRIC MEAN CLUPEA BARENGUS 

MIICROGADUS TOMCOD I 

MICROOADUS TOMCOD I1 

MICROGADUS TOMCOD I11 


ARITHMETIC MEAN MICROGADUS TOMCOD 

GEOMETRIC MEAN MICROOADUS TOMCOD 


MoxocEPBALus AENAEUS I 

M o x o c E P ~ ~ s 
AENAEVS I1 
MOXOCEPHAIUS AENAEUS I11 


ARITBMETIC MEAN MYOXOCEPBUUS AENAEUS 

GEOMETRIC MEAN MOXOCEPBALuS AENAEUS 


PBOLIS GUNNELLUS I 
PEOLIS OUNNELLUS I1 
PIlOLIS CWNNELLUS I11 

ARITHMETIC MEAN PBOLIS GUNNELLUS 

GEOMETRIC MEAN PAOLIS GUNNELLUS 


AMHODYTES SP. I 

AMMODYTES SP. I1 

AMHODYTES SP. I11 


ARITHMETIC MEAN AMHODYTES SP. 

GEOMETRIC MEAN AMMODYTES SP. 


P. AMERICANUS STAGE 1 I 

P. AMERICANUS STAGE 1 I1 

P. AMERICANUS STAGE 1 111 


ARITHMETIC MEAN P. AMERICANUS STAGE 1 
GEOMETRIC MEAN P. AMERICANUS STAGE 1 

P. AMERICANUS STAGE 2 I 
P. AMERICANUS STAGE 2 I1 
P. AMERICANUS STAGE 2 I11 

ARITHMETIC MEAN P. AMERICANUS STAGE 2 
GEOMETRIC MEAN P. AMERICANUS STAGE 2 

TOTAL LARVAE I 
TOTXL LARVAE 11 
TOTAL LARVAE I11 

ARITHMETIC MEAN TOTAL LARVAE 

GEOMETRIC MEAN TOT= LARvAe 


STATIONS 

UNITS 1.23 unit4 

1.56 
1.27 
0.69 

1.18 
1.14 

0.00 
0.64 
0 .69  

0 .44  
0.40 

5 .21  
8 . 9 1  
1.38 

5.17 
4.26 

1 . 0 4  
0.00 
0.69 

0.58 
0.51 

16.68 
26.10 
16.55 

19.78 
19.27 

1 .04  
1 . 9 1  
2.76 

1 . 9 0  
1 . 8 1  

15 .64  
8.91 
9.65 

11.40 
1 1 . 0 4  

41.18 
47.74 
32.40 

40.44 
39.80 

Marine Researdt, Inc, F&odi, M a  
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BRAYTON POINT ICHTHYOPLANKTON 

SPECIES 

PNCHELYOPUS CIMBRIUS I 

ILNCEELYOPUS CIMBRIUS I1 

ENCEELYOPUS CIMBRIUS I11 


ARITHMETIC ENCHELYOPUS CIMBRIUS 

GEOMETRIC MEAN ENCXELYOPUS CIMBRIUS 


Ky0xocE0aALus AENAEUS I 
WYOXocEP~USA E M U S  I1 
MYOXocEPHALUS AENAEUS I11 

ARITHMETIC MZAN MYOXOCEPBALUS ABNAEUS 
GEOMETRIC HEAN M Y O X O C E P ~ V S  

LABRIDAE I 

LABRIDAE I1 

LAaRIDAE I11 


ARITHMETIC HEAN LABRIDAE 

GEOMETRIC NEAN IAERIDAE 


TOTAL EGGS I 

TOTAL EGGS I1 

TOTAL EGGS 111 


ARITHMETIC WEAN TOTAL EGGS 
GEOMETRIC MEAN TOTAL EGGS 

STUDY 6 MARCH 1998 

File C:\MIKE\access\bp80.mdb Table: Table6 

I 

I 
UNIT4 

I 
I 
I 

I 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

STATIONS 

LMITS 1.2.3 

59.94 
54.11 
59.98 

58.01 
57.70 

0.00 
4.46 
0.00 

1 . 4 9  
0.76 

4.17 
2.55 
6.20 

4.31 
4.08 

64.11 
61.11 
66.18 

63.80 
63.50 

Marine Research.IIIC,FnLMutlr, M a  

- -
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BRAYTON POINT ICHTHYOPLANKTONENTRAINMENTSTUDY 6 MARCH 1998 


File C:blKEkccess\bp80.1ndb Table:Table6 

I DENSITIES INNUMBER OF PLANKTON PER 100 CUBIC METERSOFWATER 

I 

I 

STATIONS 

SPECIES UNITS 1.22 UNIT4 

I 
P.AMERIcAwuS TOTAL I 16.68 
P.AMERIcRNuS TOTAL 11 10.82 
P.AMERlCANUS TOTAL 111 12.41 
ARITHMeTIC HEAN TOTAL P.AHERICA?WS 13.30 
aBOMETRIC WEAH TOTAL P.AMER1-S 13.06 

I 

I 

I 

I 

I 

I 

I 


' I  
I 

I 

I 

I 


Marine Research,Irtc, Fabnouth, Ma
1 
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File C:UIIKE\access\bp80.1ndb Table:Table11 

I 

STATIONS I 
SPECIES WITS 1.29 un1t4 

CLtJPEA BARENCATS I 
Q.vpEA W N W S  I1 
CLUPEA BARENQUS I11 

ARITHMETIC MEAN CLUPEA BARENWS 
GEOMETRIC MEAN CLWEA BAReNCarS 

MICROGADUS TOMCOD I 

MICROGADUS TOMCOD 11 

MICROGADUS TOMCOD I11 


ARITHMETIC W MICROGADUS TOMCOD 
GEOMETRIC MEAN MICROGADUS TOMCOD 


MYoxocEPBALus AENAEUS I 
MYoxocEPBALus AENAEUS 11 
MYoxocEPBALus AENAEUS I11 

ARITgMETIC MEAN MYOXOCZPRALUS AENAEUS 
GEOMETRIC MEAN MYOXOCEPARtUS AENAEUS 


PEOLIS OUNNELLUS I 

PEOLIS CAMNBLLUS 11 

PHOLIS OVNNELLUS I11 


ARITHMETIC MEAN PEOLIS OVNNELLUS 

GEOMETRIC MEAN PHOLIS GVNNEUUS 

AMMODYTES SP. I 

MODYTES SP. 11 

MODYTES SP. I11 


ARITHMETIC HEAN AKMODYTES SP. 

GEOMETRIC MEAN WODYTES SP. 


9. 	AMERICANUS STAGE 1 I 
P. AMERICANUS STAGE 1 I1 
P. AMERICANUS STAGE 1 I11 

ARITHMETIC HEAN P. AMERICANUS STAGE 1 

GEOMETRIC MEAN P. Al4ERICANUS STAaE 1 

P. AMERICANUS STAGE 2 I 

P. AMERICANUS STAGE 2 11 

P. AMERICANUS STAGE 2 I11 


ARIT-TIC MEAN P. AMERICANUS STAGE 2 

GEOMETRIC MEAN P. AMZRICANUS STAGE 2 


TOTAL LARVAE I 

TOTAL LARVAE 11 

TOTAL LARVAE 111 


ARITHMETIC MEAN TOTAL LARVAE 
GEOMETRIC MEAN TOTAL IARVAE 


3.92 

1.50 I 
4.60 

3.34 

3.10 
 I 

0.78 

0.00 

0.00 

0.26 1 
0.21 


1.57 

0.75 1 
0.77 

1.03 

0.99 
 1 

0 .78  
0 .00  
0.00 
0.26 1 
0.21 


67.51 128.59 

21.46 

39.18 

34.58 
 1 
0.00 

0.00 

0.77 

0.26 1 
0.21 


3.14 1 
9.03 

6.90 

6.36 

5.88 1 

77.71 

39.87 

34.49 1 
50.69 

47.32 


1 
Marine Research,I . ,  Fahorrrh,Ma 1 
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BRAYTON POINT ICHTI3YOPLANKTON ENTRAINMENT	STUDY 1 1  MARCH 1998 


File C:\MIKE\nccess\bp80.mdbTable:Table1 1 


DENSITIES INNUMBER OF PLANKTONPER 100 CUBICMETERS OFWATER 

STATIONS 

SPECIES UNITS 1.23 UNIT 4 

ENCaELYOPuS CIMBRIUS I 
OElCHELYOPuS CIMBRIUS I1 
ONCEELYOPUS CIMBRIUS 111 

ARITHMETIC MEAN ENCEELYOPUS CIMBRIUS 
GEOMETRIC MEAN ENCBELYOPUS CIMBRIUS 

LABRIDAE I 
LAaRIDAE I1 
LABRIDAE 111 

ARITIIMeTIC MEAN LABRIDAE 
GEOMETRIC MEAN LABRIDAE 

TOT= EGGS I 
TOTAL EGGS 11 
TOTAL EGQS I11 

ARITHMETIC MEAN TOTAL EQGS 
GEOMETRIC MEAN TOTAL EGQS 

40.03 
2 1* 82 
41.38 

34.41 
32.99 

9.42 
6.02 
3.07 

6.17 
5.66 

49.45 
27.84 
44.45 

40.58 
39.29 

Marine Researchl hc.FaImouaIJ, M a  



SPECIES UNITS 1.23 

P.AMERICANUS TOTAL I 3.14 
P.AEIERICANUS TOTAL I1 9.03 
P.AMERICANUS TOTAL I11 7.66 
ARITHMETIC UEAN TOTAL P.AMERICANuS 6.61 
GEOMETRIC MEAN TOTAL P.AMERIcANuS 6.10 

-
. ... . ~ ... . . . - . .--..----.,-~-~~.-.. --. . . .  . . I  ., , . ‘ .  



I 
1 
I 
I 
I 
I 
U 
I 
I 
I 
I 

I 
I 
I 
II 
I 
I 
I 
I 

BRAYTON POINT ICHTHYOPLANKTONENTRAINMENT STUDY 16 MARCH 1998 

File C:\MIKE\access\bp8O.mdb Table:Table16 

DENSITIES JNNUMBER OF PLANKTON PER 100 CUBIC METERS OF WATER 

STATIONS 

SPECIES UNITS 12.3 UNIT 4 

CLWPEA BARENGUS I 
CLWPEA BARENOUS TI 

BARENOUS 111 

ARITHMETIC MEAN UUPEA BARENOUS 
GEOMETRIC MEAN CLUPEA BARENGUS 


MYOXOcEPtlALUS AENAEUS I 

MYOxOcEPHAL.US AENAEUS I1 

MYOXOCEPHALUS AENAEUS III 


ARITHMETIC MEAN XYOXOCEPaACUS AENAEUS 

GEOMETRIC MEAN MYOXOCEPHALUS A E W U S  


MODYTES SP. I 

WODYTES SP. I1 

MODYTES SP. I11 


ARITHHETXC MEAN MODYTES SP. 

GEOMETRIC MEAN MODYTES SP. 


P. AMERICANUS STAGE 1 I 

P. AMERICANUS STAGE 1 I1 

P. AMERICANUS STAGE 1 111 


ARITHMETIC MEAN P. AMERICANUS STAGE 1 

GEOMETRIC MEAN P. AMERICANUS STAGE 1 


P. AMERICANUS STAGE 2 I 
P. AMERICANUS STAGE 2 I1 
P. AMERICANUS STAGE 2 I11 

ARITHMETIC HeAN P. AMERICANOS STAGE 2 
GEOMETRIC MEAN P. AMERICANUS STAGE 2 

TOTAL LARVAE I 
TOTAL LARVAE 11 
TOTAL LARVAE I11 

ARITXMETIC MEAN TOTAL LARVAE 

GEOMETRIC MEAN TOTAL LARVAE 


P.AMERICANUS TOTAL I 

P.AHERIcANuS TOTAL I1 

P.AMElZIcANuS TOTAL 111 

ARITHMETIC MEAN TOTAL P.AMERICANUS 

GEOMETRIC MEAN TOTAT, P.AMERICANUS 


0.00 
0.00 
4.08 

1.36 
0.72 

0 .00  
1.09 

0 .00  

0.36 
0.28 

22.10 
25.18 
16.33 

21.20 
20.82 

0.00 
0.00 
1 .36  

0.45 
0.33 

5.53 
2.74 
0.68 

2.98 
2.44 

27.63 
29 .01  
22.46 

26.37 
26.12 

5.53 
2.74 
2.04 

3.43 
3.20 

Marine Research,ha,Faiinourlr,Ma 



BRAYTON POINT ICHTHYOPLANKTON ENTRAINMENTSTUDY 16 MARCH 1998 


File C:\MIKE\accessbpSO.mdb Table: Table16 


DENSITESINNUMBER OF PLANKTON PER 100 CUBICMETERS OFWATER 

SPECIES 

ENNCHELYOPUS CIMBRIUS I 

PNCFrELYOPuS CIMBRIUS I1 

ENCHELYOPUS CIMBRIUS 111 


ARITHMETIC ME&N ENCHELYOPUS CIMBRIUS 
GEOMZTRIC HEAN ENCHELYOPUS CIMBRIUS 

LABRIDAE I 
LABRIDAE I1 
WIBRIDAE I11 

A R I T m T I C  MEAN LABRIDAE 

GEOMETRIC HEAN LABRIDAS 


TOTAL EGGS I 

TOTAL EGGS I1 

TOTAL EGGS 111 


ARITHMETIC HEAlJ TOTAL EGGS 
GEOMETRIC MEM? TOTAL EQGS 

STATIONS 

UNITS 1.22 UNIT4 I 

15.96  
18.06 
12.93 

15.65 I 
15.47 

2 .46  I

13.68 

117.73 
44.62 
17.14 I 

18.42 
31.75 

130.66 
60.28 I 

42.58 

I 


I 

I 


I 

I 




BRAYTON POINT ICHTI-IYOPLANKTONE N T l W z " T  STUDY 20 MARCH 1998 

File C:WIKEbccess\bp80.1ndb Table: Table20 

1 


I 

I 

I 


I 

I 


DENSITIES INNUMBER OF PLANKTON PER 100 CUBIC METERS OF WATER 

STATIONS 

SPECIES UNm 1.22 un1t4 

CLUPEA EARENGUS I 
am= HARENQUS 11 
CLUPEA BAREHGUS 111 

ARITHMETIC MEAN CLUPEA W4RENGUS 
GEOMETRIC MEAN CLUPEA BARENCNS 

GADUS MORHUA I ,jr l dd  

GADUS MORBUA I1 
GADUS MOREUA 111 

ARITHMETIC MEAN GADUS MORHUA 
GEOMETRIC MEAN GADUS MORWA 

MICROGADUS TOMCOD I 

MICROGADUS TOMCOD 11 

MICROGADUS TOMCOD 111 


ARITaMETIC MeAN MICROGADUS TOMCOD 

GEOMETRIC HEAN MICROGADUS TOMCOD 


MYoxocEPBALus AENAEUS I 

MYoxocEP�u&us AENAEUS 11 

MYoxocEP�u&us AENAEUS I11 


ARITIiNETIC MEAN MYOXOCEP~USAeNAEUS 

GEOMETRIC HEAN MYOXOCEPWUS AENAEUS 


PHOLIS QUNNELLUS I 
PHOLIS QUNNELLWS I1 
PEOLIS GUNNELLUS I11 

ARITHMETIC MEAN PHOLIS OUNNELLUS 

GEOMETRIC MEAN PHOLIS OUNNELLUS 


AMMODYTES SP. I 

AMMODYTES SP. I1 

AMMODYTES SP. 111 


ARITHMETIC MEAN AMMODYTES SP. 

GEOMETRIC MEAN AMMODYTES SP. 


P. AMERICANUS STAGE 1 I 
P. AMERICANUS STAGE 1 I1 
P. AMERICANUS STAGE 1 I11 

ARITHMETIC HEAN P. AMERICANUS STAGE 1 
GEOPlETRIC MZAN P. M R I C A N U S  STAGE 1 

P. AMERICANUS STAGE 2 I 
P. AMERICANUS STAGE 2 I1 
P. AMERICANUS STAGE 2 111 

ARITHMETIC MEAN P. AMERICANUS STAGE 2 
GEOMETRIC MEAN P. AMERICANUS STAGE 2 

0.00 
0.00 
0.63 

0 . 2 1  
0.18 

0.64 
0.00 
0.00 

0 . 2 1  
0.18 

0.00 
0.00 
0.63 

0 .21  
0.18 

5 .11  
12 .91  

5.02 
7.68 
6.98 

0.00 
1 .29  
0.00 

0 . 4 3  
0.32 

44.73 
61.34 
49.59 

51.89 
51.23 

10.86 
9.04 
5 .65  

8 .52  
8.23 

26.84 
23.25 
15.69 

21.92 
21.35 

1 




SPECIES UNITS 1.2.3 


ENCEELYOPUS CIMBRIUS I 72.20 

ENCKELYOPUS CIMBRIUS 11 74 .91  

BNCHELYOPUS CIMBRIUS I11 58.37  


ARITEMETIC MEAEI ENCHELYOPUS CIXBRIUS 68.49 
GEOMETRIC MEAEI ENCHELYOPUS CIXBRIUS 67. BO 

LABRIDAE I 10.86 
LABRIDAE I1 191.78 
LABRIDAE 111 20.09 

74.24
ARITHMETIC HEAN LABRIDAE 
I , , *  t' 35.27 
GEOMETRIC HEAN LAERIDAE 

j ,)/ \I d: -5, 'i 

n $'. 

PARALICBTEIYS-SCOPXTHAtMUS I ' 0.00 

PARAtIcHTHYS-SCOPHTHAtMUS I1 0.00 

PARALICETEIYS-SCOPHTHAtMUS I11 0.63  


ARITBMETIC MEAN PARAtICHTEYS-SCOPHTEIALHUS 0 .21  
GEOMETRIC HEAN P ~ I C H T E Y S - S C O P ~ ~ S  0.18  

PLEURONECTES AMERICANUS I 0.64  
PLEURONECTES AMERICANUS I1 1.29  
PLEURONECTES AMERICAWUS I11 1.88  

ARITHMETIC MEAN PLEURONECTES AMERICANUS 1 .27  
GEOMETRIC MEAEI PLEURONECTES AWERICANUS 1 . 2 1  

TOTAL EGGS I 83.70 

TOTAL EGGS I1 267.98 

TOTAL EGGS I11 80.97 


ARITHMETIC MEAN TOTAL EGGS 144.22 
GEOMETRIC HEAN TOTAL EOOS 121.55 

STATIONS 

UNIT 4 

I 
1 

1 

1 

1 

1 

1 

1 

1 


1 


Marine Research, Inc,  Falmourh,Ma 1 



BRAYTONPOINT ICHTHYOPLANKTONENTIWNblENT STUDY 20MARCH 1998 

File C:\MIKE\access\bp80.mdb Table: Table20 

DENSITIES IN" M B E R  OF PIANKTON PER 100 CUBICMETERS OFWATER 

SPECIES 

TOTAL LARVAE I 
TOTAL LARVAE 11 
TOTAL LARVAE I11 

ARITHMETIC MEAN TOTAL LARVAE 
GEOMETRIC MEAN TOTAL M V A E  

P.AwERICANUS TOTAL I 

P.AMERICANUS TOTAL I1 

P.AwERICANUS TOTAL 111 

ARITIMETIC HEAN TOTAL P.AMERICANUS 

GEOMETRIC MEAEl TOTAL P.AMERICANUS 


STATIONS 

UNITS 1.22 UNIT 4 

ea.17 

107.04 

77.20 
91.07 
8s. ai 

37.70 

32.29 
21.34 

30.44 

29.54 

Miwine Restnrch,he,Fabnouth,Ma 



I 

BRAYTON POINT ICHTENOPLANKTON ENTRAINMENT STUDY 25 MARCH 1998 


File C:WIKEhccess\bpSO.mdb Table: Table25 


DENSITIES INNUMBER OF PLANKTON PER IO0CUBIC METERSOFWATER I 


SPECIES 

CLUPEA HARENGUS I 
CLUPEA HARENOUS If 
CLUPE& HARENWS I11 

ARIT-TIC MEAN CLUPEA BARENOUS 
GEOMETRIC WEAW CLUPEA BAReNoVS 

MYoxocEP~usA E W U S  I 

MYoxocEPHALus AeNAEus I1 

MYOXOCEPEihLUS AENAEUS I11 


ARITRMETIC MEAN HyOXOCEPHhLUS AENAEUS 

GEOMETRIC MEAN MYOXOCEPWUS A E W U S  


AMMODYTES SP. I 

AMMODYTES SP. If 

AMMODYTES SP. I11 


ARITMTIC HEAN MODYTES SP. 

GEOMETRIC MEAN AMMODYTES SP. 


P. AMERICANUS STAGE 1 I 

P. AHERICANUS STAGE 1 I1 

P. AMERICANUS STAGE 1 111 


MITEMETIC WEAN P. ANeRICANUS STAGE 1 

QEOHETRIC MEAN P. AMERICANUS STAGE 1 


P. AMERICANUS STAGE 2 I 

P. AMERICANUS STAGE 2 I1 

P. AMERICANUS STAGE 2 I11 


ARITBMETIC MEAN P. AMERICANUS STAGE 2 
GEOMETRIC MEAN P. AMERICANUS STAGE 2 


P. ZM?.RICANUS STAOE 3 I 

P. AMERICANUS STAGE 3 If 

P. AMERICANUS STAGE 3 I11 


ARITBMETIC MEAN P. AMERICANUS STAGE 3 

GEOMETRIC MEAN P. AMERICANUS STAGE 3 


TOTAL LARVAE I 

TOTAL LARVAE 11 

TOTAL IARVAE If1 

ARITWTIC MEAN TOTAL IARVAE 
GEOMETRIC MERN TOTAL LARVAE 


P.AMERICANUS TOTAL I 

P.ANERICANUS TOTAL I1 

P.AMERIcANuS TOTAL I11 

ARITBMETIC HEAN TOTAL P.AMERICANUS 

GEOMETRIC NEAN TOTAL P.AHERICANUS 


STATIONS 

UNITS 1.2.3 UNIT 4 


0.00 

0.00 

0.66 

0.22 I 

0.18 


11.78 I 

11.28 

9.28 

10.78 

10.70 I 

62.03 

68.98 

41.14 I 
57.58 

56.11 


2.48 I 

6.63 

0.66 

3.26 

2.53 II 

8.06 
18.57 

29.15 1 
18.60 

16.44 
 I

0.00 

1.99 

3.31 

1.77 

1.34 1 

84.36 

107.45 I84.00 


92.20 

91.19 
 I 


10.54 

27.19 

33.13 

23.62 

21.24 I 




BRAYTON POINT ICHTHYOPLANKTON ENTRNNMENT	STUDY 25 MARCH 1998 

File C:MKEkiccess\bp80.mdb Table: Table25 

SPECIES 

ENCBELYOPUS CIKBRIUS I 

ENCHELYOPUS CIMBRIUS I1 

ENCHELYOPUS CIMBRIUS 111 


ARITHMETIC MEAN ENcaELYOPUS CIHBRIUS 

GEOMETRIC MEAN ENCHELYOPUS CIMBRIUS 


LABRIDAE I 

LABRIDAE I1 

LABRIDAE 111 


ARITHMETIC MEAN LABRIDAE 

GEOMETRIC MEAN LABRIDAE 


PLEURONECTES AMERICANUS I 

PLEURONECTES AMERICANOS I1 

PLEURONECTES AMERICANUS 111 


ARITHMETIC NEAH PLEURONECTES AMERICANOS 

GEOMETRIC MEAN PLEURONECTES AMERICANUS 


TOTAL EGGS I 
TOTAL EGGS I1 
TOTAL EGGS 111 

ARITHMETIC HEAN TOTAL EGGS 
GEOMETRIC MEAN TOTAL EGGS 


STATIONS 

UNITS 1.23 unit4 

17.37 
17.24 
23.85 

19.49 
19 .21  

3.10 
4.64 

11.26 
6.34 
5.56 

0.62 
0.00 
0.00 

0 .21  
0.17 

21.09 
21.89 
35.11 

26.03 
25.25 

Maruie Researdi, ftic,Foltnoruh, Ma 



BRAYTON POINT ICHTHYOPLANKTON ENITALNMENT STUDY 30 MARCH 1998 

File C:Wbccess\bp80.mdb Table: Table30 i 
DBWTIES IN "UMBER OF PLANKTON PER 100 CllBIC METERS OF WATER a 

SPECIES 

MYoxocEPgAcus AEKAeus I 
MYoxocEPBALus AENAEUS I1 
rnOX0CEPHAtUS AENAEUS 111 

ARITHMETIC HEAN MYOXOCEPWUS AENAEUS 
GEOMETRIC MEAN MYOXOCEPRALUS AENAEUS 


AMMODYTES SP. I 

AMMODYTES SP. I1 

AMMODYTES SP. I11 


A R I T M T I C  WEAN AMMODYTES SP. 
GEOMETRIC MEAN MODYTES SP. 


P. AMERICANUS STAGE 1 I 

P. AMERICANUS STAGE 1 11 

P. AMERICANUS STAGE 1 I11 


ARITHMETIC MEAN P. AKERICANUS STAGE 1 

GEOMETRIC WEAN P. AMERICANUS STAGE 1 

P. AMERICANUS STAGE 2 I 

P. AMERICANUS STAGE 2 I1 

P. AMERICANUS STAGE 2 I11 


ARITHMETIC MEAN P. AMERICANUS STAGE 2 

GEOMETRIC MEAW P. AMERICANUS STAGE 2 


P. AMERICANUS STAGE 3 I 
P. AMERICANUS STAGE 3 11 
P. AMERICANUS STAGE 3 I11 

ARITHMETIC MEAN P. AMERICANUS STAQE 3 

GEOMETRIC MEAN P. AMERICANUS STAGE 3 

TOTAL LARVAE I 

TOTAL LARVAE 11 

TOTAL LARvAe 111 


ARITHMETIC MEAN TOTAL LARV-
GEOMETRIC MEAN TOTAL LARVAE 

P.AKERICANUS TOTAL I 

P.AMERIcANuS TOTAL I1 

P.AMERIcANuS TOTAL I11 

ARITHMETIC MEAN TOTAL P.AMERICANUS 

GEOMETRIC MEAN TOTAL P.AMERICANUS 


STATIONS 

UNITS 1.2.3 UNIT 4 1 
0.00 

1.89 

1.95 

1.28 1 
1.04 


104.21 1 
155.95 

76.11 
112.09 
106.88 1 
2.58 

0.95 

1.95 

1.83 

1.74 


22.39 

5.67 

4.88 

10.98 

8.69 


0.86 

1.89 

0.00 1 
0.92 

0.75 


1
130.04 

166.34 

84.90 

127.OS 

121.91 a 
25.84 

8.51 

6.83 

13.72 

11.56 


Mnrinc Research, Inc, Fohoulk, Ma 1 



BRAYTON POINT ICHTHYOPLANKTONE m N T STUDY 30 MARCH 1998 

File C:\MME\access\bp8O.mdb Table: Table30 

DENSITIES INNUMBER OF PLANKTONPER 100 CUBICMETERS OF WATER 

SPECIES 

ENCBELYOPUS CIMBRIUS I 
PNCHELYOPUS CIMBRIUS 11 
ENCHELYOWS CIMBRIUS 111 

ARITKKETIC MEAN ENCHELYOPUS CIMBRIUS 

GEOMETRIC WEAN ENCHELYOPUS CIMBRIUS 

LABRIDAE I 
LABRIDAE I1 
LAaRIDAE 111 

ARITHMETIC MEAN LABRIDAE 

GEOMETRIC MEAN LABRIDAE 

/ /  Put-

SCOPHTHALMUS AQUOSUS I 
krS r / i

1 3J’;’gf 

SCOPHTHALMlS AQUOSUS I1 
SCOPHTBALMIS AQUOSUS 111 

ARITHMETIC HEAN SCOPHTBAGMUS AQUOSUS 

GEOMETRIC MEAN S C O P H T W S  AQUOSUS 

PLEURONECTES AMERICANUS I 
PLEURONECTES AMERICANOS I1 
PLEURONECTES AMERICANUS I11 

ARITHMETIC MEAN PLEURONECTES AMERICANUS 

GEOMETRIC MEAN PLEURONECTES AMERICANUS 

TOTAL EGGS I 
TOTAL EGGS 11 
TOTAL EGGS I11 

ARITHMETIC MEAN TOTAL EGGS 
GEOMETRIC MEAN TOTAL EGGS 

STATIONS 

W I T S  1.23 UNIT 4 

40.48 
48.20 
73.19 

53.95 
52.09 

10.33 
8 .51  

10 .73  
9.86 
9.79 

12.06 
0.00 
0.00 

4.02 
1.35 

0.00 
1 .89  
0.98 

0.96 
0.79 

62. 87 
58.60 
84.90 

613.79 
67.60 

Maruie Reswrch,Inc, Falmodi, Ma 



I 
BRAYTON POTNT ICHTHYOPLANKTON ENTRAINMENTSTUDY 3 APRIL 1998 

File C:WKEbccess\bp8I .mdb Table:Table3 1 
DENSITJES INW E R  OF PLANKTONPER 100 CUBICMETERSOF WATER '1 

SPECIES 

ENCEELYOWS CIMBRIWS I 
PNCEELYOPUS CIHBRIUS I1 
ENCEELYOPUS CIMBRfUS I11 

ARITHMETIC MeAN ENCEELYOPUS CINBRIUS 
GEOMETRIC HEAW ENCHELYOWS CIMBRIUS 

IAERIDAE I 

LABRIDAE I1 

IAERIDAE I11 


ARITHMETIC MEAN LABRIDAE 

GEOKETRIC MEAN LABRIDAE 

SCOPETHAWUS AQUOSUS I 
SCOPHTX?U&US AQUOSUS I1 
SCOPETHAWUS Apuosus I11 

ARITBMETIC MEAN SCOPXTBRLHUS AQUOSUS 
GEOHETRIC MEAN SCOPHTBALHUS AQUOSUS 

TOTAL EGGS I 
TOTAL EOOS I1 
TOTAL EGGS I11 

ARITHMETIC MEAN TOTAL EGGS 
GEOKETRIC MEAN TOTAL EGGS 


STATIONS 

UNITS 1.23 UNIT4 I 
151.63 

224.69 

149.64 I


175.32 

171.23 


6234.78 1 

1916.78 

1442.68 


3198.08 

2563.34 I 


0.00 
0.00 
3.84 

1.28 
0 . 6 9  

6386.41 1 

2141.47 

1596.16 


3374.68 

2772.85 1 


1 
I 
1 
I 
I 
1 
1 

Marine Research,Inc, Falmouth,Ma. 1 



BRAYTON POINT ICHTI-IYOPLWKTONENTRAINMENTSTUDY 3 APRIL 1998 

File C:\MIKEhccess\bp81 .mdb Table: Table3 

STATIONS 

SPECIES UNITS 1.23 UNIT 4 

-US MORHUA I 

W U S  MORBUA I1 

W U S  UORBUA I11 


ARITHMETIC MEAN GADUS MORHUA 
GEOMETRIC NEAW GADUS MORHUA 


MYOXOCEPHALUS AENAEUS I 
MYOXOCEPHALUS AENAEUS I1 
MYoxocEPHALus AENAEUS I11 

ARITHMETIC MEAN MYOXOCEPHALUS AENAEUS 

GEOMETRIC MEAN MYOXOCEPHALUS AENAEUS 


MODYTES SP. I 

MODYTES SP. I1 

AMMODYTES SP. I11 


ARITRKETIC MEAN MODYTES SP. 

GEOMETRIC MEAN WODYTES SP. 


P. AMERICANUS STAGE 1 I 

P. AMERICANUS STAGE 1 11 

P. AMERICANUS STAGE 1 I11 


ARITHMETIC MEAN P. AMERICANUS STAGE 1 

GEOMETRIC MEAN P. AMERICANUS STAGE 1 


P. AMERICANUS STAGE 2 I 
P. AMERICANUS STAOE 2 I1 
P. AMERICANUS STAGE 2 I11 

ARITHMETIC MEAN P. AMERICANUS STAGE 2 
GEOMETRIC MEAN P. AMERICANUS STAGE 2 


P. AMERICANUS STAGE 3 I 
P. AMZRICANUS STAGE 3 I1 
P. AMERICANUS STAGE 3 I11 

ARITHMETIC MEAN P. AMERICANUS STAGE 3 
GEOMETRIC MEAN P. AMERICANUS STAQE 3 


TOTAL LbRVAE I 
TOTAL XARVAE I1 
TOTAL LARVAE I11 

ARITHMETIC MEAN TOTAL L?.RVAE 
GEOMETRIC MEAN TOTAL LARVAE 


P.AMER1-S TOTAL I 

P.AMERICANUS TOTAL 11 

P.AMERICANUS TOTAL I11 

ARITHWZTIC MEAN TOTAL P.AMERICANUS 

GEOMETRIC MEAN TOTAL P.AMERICANUS 


1 .06  
0.99 
0.96 

1 - 0 0  
1.00 

0.00 
0.00 
1 .92  

0.64 
0.43 

7.42 
1.99 
7.67 

5 .69  
5 . 0 1  

9.54 
6.96 

12.47 
9.66 
9.39 

18.03 
27.84 
16.23 

21.36 
20.86 

4.24 
6.96 
2.86 

4.69 
4.44 

40.29 
44 * 74 
44.12 

43.05 
42.84 

31.81 
41.76 
33.57 

35 .71  
35.34 

Marine Rescorclr, Jnc. Fahuth, Ma 



BRAYTON POINT ICHTI3YOPLANKTON ENTRAINMENT 	STUDY 8 APRIL 1998 

File C:\MIKE\access\bp8 1.mdb Table: Table8 

DENSITIES INNUMBER OF PLANKTON PER 100 CUBICMETERS OFWATER 1 

STATIONS 

SPECIES 
1 ) ir ZrNlTS 1.2.3 UNIT 4 1 

OSMERUS MORDAX I (I" { \ / l W >  f-/ uj' c 

OSMERUS MORDAX I1 

OSXERUS MORDAX I11 


ARITBMETIC MEAN OSMERUS HORDAX 
GEOMETRIC MEAN OSMERUS MORDAX 


MYoxocEPtIALvs AENAEUS I 

MYoxocEPEIALus AENAEUS I1 

MYoxocEPBALus AENAEUS I11 


ARITZIMETIC MEAN MYOXOCEPBALUS AENAEUS 

GEOMETRIC MEAN MYOXOCEPHALUS AENAEUS 


AWODYTES SP. I 

AMUODYTES SP. I1 

MODYTES SP. I11 


ARITWTIC MEAN AMMODYTES SP. 

GEOMETRIC MEAN AMMODYTES SP. 

P. AMERICANUS STAGE 1 I 

P. AMERICANUS STAGE 1 I1 

P. AMERICANUS STAGE 1 I11 


ARITHMETIC MEAN P. AMERICANUS STAGE 1 

GEOMETRIC MEAN P. AMERICANUS STAGE 1 


P. AMERICANUS STAGE 2 I 
P. AMERICANUS STAGE 2 11 
0.  	AMERICANUS STAGE 2 I11 

ARITHMETIC MEAN P. AMERICANUS STAGE 2 
GEOMETRIC MERN P. AMERICANUS STAGE 2 

P. AMERICANUS STAGE 3 I 
P. AMERICANUS STAGE 3 I1 
P. AMERICANUS STAGE 3 111 

ARITHMETIC NEAEl P. AMERICANOS STAGE 3 

GEOMETRIC MEAN P. AMERICANUS STAQE 3 


TOTAL LARVAB I 
TOTAL LARVAE I1 
TOTAL WIRVAE I11 

ARITBMETIC MEAN TOTAL IJUWAE 
GEOMETRIC MEAEl TOTAL LARVAE 

P.AMERICANUS TOTAL I 

P.AMERICANUS TOTAL I1 

P.AMERICANUS TOTAL I11 

ARITHMETIC MEAN TOTAL P.AMERICANUS 

GEOMETRIC XEAN TOTAL P.AKER1WS 


0.00 
2.79 
0.00 


0.93 Y 
0.56 

0.00 1

0.93 

0.00 


0.31 
0.24 1 

1 .91  
0 .93  
0 .82  11.22 

1 .17  

3 .83  1 
0.93 
0.00 

1 .59  
1.10 1 

34.46 
28.84 
33.51 

32.27 
32.06 

28 .71  
14.89 
14 .71  

19.44 
18.44 

68.91 
49.31 
W.04  

55.75 
54.82 

67.00 
44.66 
48.22 

53.29 
52.25 

Maritre Rezcnrd, Inc, Fohoutl~,Ma 

1 



BRAYTON POINT ICHTHYOPLANKTON ENTR4INMENT STUDY 8 APFUL 1998 

File C:\MIKE\access\bp8I .mdb Table: Table8 

DENSITIES INNUMEiER OF PLANKTONPER 100 CUBICMETERS OFWATER 

STATIONS 


SPECIES 

WCHELYOPUS CIMBRIUS I 
BNCHELYOPUS CIMBRIUS I1 
PNCHELYOPUS CIMBRIUS 111 

ARITHMETIC WEAW ENCUELYOPUS CIHBRIUS 
GEOMETRIC WEAN ENCXELYOPUS CIMBRIUS 

IAER1DA.E I 
WIBRTDAE I1 
LABRXDAE I11 

ARITIIMETIC MEAN LABRIDAE 
GEOMETRIC MEAN LABRID-

TOTAL EGGS I 
TOTAL EGGS 11 
TOTAL EGGS I11 

ARITEMETIC MEAN TOTAL EGGS 
GEOMETRIC MEAN TOTAL EGGS 

LMrn 1-22 

126.34 

129.32 

140.59 

132.08 

131.29 


14.36 

13.96 

6.54 

11.62 

10.98 


140.70 

143.28 

147.12 

143.70 

142.96 


uNm4 

Marine Research,Inc, FohoUrir,Ma 



BRAYTON POINTICHTHYOPLANKTON ENTRAINMENT	STUDY 13 APRIL 1998 

File C:UAXEbccess\bpS1.mdb Table: Table13 

SPECIES 

OSMERUS MORDAX I 
OSMERUS MORDAX 11 
OSMERUS MORDAX 111 

ARITHMETIC MEAN OSMERUS MOFDAX 
GEOMETRIC MEAN OSMERUS MORDW 

AMMODYTES SP. I 

AMMODYTES SP. I1 

AMMODYTES SP. 111 


ARITHMETIC MEAN AMMODYTES SP 

GEOMETRIC MEAN AMMODYTES SP. 


P. AMERICANUS STAGE 1 I 

0 .  AMERICANUS STAGE 1 I1 
P. AMERICANUS STAGE 1 111 


ARITHMETIC MEAN P. AMERICANUS STAGE 1 

GEOMETRIC HEAN P. AMERICANUS STAGE 1 


P. AMERICANUS STAGE 2 I 

P. AMERICANUS STAGE 2 I1 

P. AMERICANUS STAGE 2 111 


ARITHMETIC MEAN P. AMERICANUS STAGE 2 
GEOMETRIC HEPLN P. AMERICANUS STAGE 2 

0. AMERICANUS STAGE 3 I 

P. AMERICANUS STAGE 3 I1 

P. AMERICANUS STAGE 3 111 


ARITHMETIC MEAN P. AMERICANUS STAGE 3 

GEOMETRIC MEAN P. AMERICANUS STAGE 3 


TOTAL LARVAE I 

TOTAL LARVAE I1 

TOTAL LARVAE 111 


ARITBMETIC MEAN TOTAL LARVAE 
GEOMETRIC MEAN TOTAL LARVAE 

P.AMERICANUS TOTAL I 

P.AMERICANUS TOTAL I1 

P.AMERICANUS TOTAL 111 

ARITHMETIC MEAN TOTAL P.AMERI-S 

GEOMETRIC MEAN TOTAL P.AMERICANUS 


STATIONS 

UNITS 13.3 UNIT 4 I 
2.08 

0.93 

2.46 

1.82 I 
1.74 


4.16 I 
0.93 

6.55 

3.88 

3.22 I 

3.12 

4.66 

2.46 1 
3.41 

3.31 


10.40 1 
25.17 

23.74 

19.77 

18.41 1 

30.15 

30.77 

26.19 1 
29.03 

28.86 
 I 

49.90 

62.46 

61.39 

57.92 

57.39 I 

43.66 

60.60 

52.38 

52.21 

51.55 
 I 

Marine Research,Inc, Folnoulk, Ma 1 



t 
BRAYTONPOINT ICHTHYOPLANKTON E m 	STUDY 13 APRIL 1998 

File C:\MIKE\access\bp81.mdb Table:Table13I 
I DENSlTIES IN NlTMBER OF PLANKTON PER 100 CUBICMETERSOFWATER 

I SPECIES 

ENCBELYOPUS CIHBRIUS 1 
ENCHELYOPUS CIHBRIUS I1 
ENCBELYOPUS CIHBRIUS 111 

ARITHMETIC MEAW ENCHELYOPUS CIMBRIUS 
GEOMETRIC NEAN ENCHELYOPUS CIHBRIUS 

fi LABRIDAE I 

LRBRIDAE I1 

LABRIDAE 111 


I ARITHMETIC HEAN LABRIDAE 

GEOMETRIC MEAN LABRIDAE 


I 
SCOPaTRAtMIS AQUOSUS I 
S c O P E T w s  AQUOSUS I1 
SC0PHT"WS AQUOSUS I11 

ARITHKBTIC KEAN SCOPHTHALMUS AQUOSUS 
GEOMETRIC MEAN SCOPHTHALMWS AQUOSUS 

II 	 TOTAL EGGS I 
TOTAG EGGS 11 
TOTAT. EGGS I11 

ARITHMETIC MEAN TOTAL EGGS 
GEOMETRIC MEAN TOTAL EGGSI 

I 

1 

UNITS 1.23 UNIT 4 

19.75 
22.38 
21.28 

21.14 
21.04 

4.16 
372.92 

4 .91  
127.33 

21.44 

1 .04  
0.93 
0.00 

0 .66  
0.58 

24.95 
396.23 

26.19 
149.12 

64.17 

Marine Research, IIK,Fahaufh, Ma 



I 

BRAYTONPOINT ICHTHY0I”LANKTONE N T M I “ T  STUDY 17 APRL I998 

File C:\M[KE\access\bp81.mdb Table: Table17 

DENSITIES INNUMBER OF PLANKTONPER loo cmrcMETERS OF WATER i 

SPECIES 

ENCEELYOPUS CIMBRIUS I 
ENCBELYOWS CIMBRIUS I1 
ENCHELYOWS CIMBRIUS I11 

ARITBHETIC MEAN ENCHELYOWS CIHBRIUS 
OEOMETRIC MEAN ENCKELYOWS CIHBRIUS 

LABRIDAE I 

LABRIDAE I1 

LABRIDAE I11 


ARITHMETIC HEAN LABRIDAE 

GEOMETRIC MEAN LAERIDAE 


SCOPETBAtMUS AQUOSUS I 

SCOPEfTaAtMuS AQUOSUS I1 

SCOPEiTBAtMUS AQUOSUS I11 


ARITHMETIC MEAN SCOPEfTHAtMuS AQUOSUS 

GEOMETRIC MEAN SCOPEfTRALMUS AQUOSUS 


TOTAL EGGS I 
TOTAL EGGS If 
TOTAL EGGS 111 

ARITHMETIC MEAN TOTAL E M S  
OEOMETRIC MEAN TOTAL EOOS 

STATIONS 

UNITS 1.2.3 unit4 1 
18.94 

12.89 

22.01 

17.95 1 
17.49 


706.95 1 
2864.18 

1199.82 

1590.32 

1334.82 1 
2.10 

1.98 

3.67 

2.59 

2.51 


727.99 

2879.06 

1225.50 

1610.85 

1359.80 


1 

1 

Moruse Research,Itic,Fohouth, Ma 1 



BRAYTON POINT ICHTHYOPLANKTON ENTRAINMENT	STUDY 17 APRIL 1998 

File C:UIMn?ccess\bpS1 .mdb Table:Table17 

DENSlTES INNUMBER OF PLANKTON PER 100 CUBICMETERSOFWATER 

STATIONS 

SPECIES UNITS 1.2.3 UNIT 4 

CLUPEA BAReNGUS I 
CLUPEA HARENOUS I1 
CLVPEA BARENGUS 111 

ARITHMETIC MEAN CLUPEA HARENOUS 
GEOMETRIC MEAN CLUPEA HARENGUS 


OSMERUS MORDAX I 
OSMERUS MORDAX I1 
OSMERUS MOFDAX 111 

ARITHMETIC MEAN OSMERUS MORDAX 
GEOMETRIC MEAN OSMERUS MORDAX 

MYoxoczP~usAENAEUS I 
MYoxocEP~usAENAEUS I1 
MYoxocEPEALus AENAEUS I11 

ARITHMETIC MEAN MYOXOCEPWUS AENAEUS 

GEOMETRIC MEAN MYOXOCEPHAZUS AENAEUS 

AHMODYTES SP. I 

WODYTES SP. XI 

AHMODYTES SP. I11 


ARITHMETIC MEAN MODYTES SP. 

GEOMETRIC MEAN AMMODYTES SP. 


><?.#$&II,# 2 ,;f 

2.10 

0.00 

0.00 

0.70 

0.46 


0.00 

2.98 

0.00 

0.99 

0.58 


0.00 

0.00 

0.92 

0.31 

0.24 


0.00 

2.98 

2.75 

1.91 

1.46 


GOBIOSOMA GINSBURGI I L-- 6 ,A4
'e; ,' 0.00 

GOBIOSOMA GINSBURGI I1 0.99 
GOBIOSOMA QINSBURGI 111 


ARITHMETIC MEAN GOBIOSOMA OINSBURGI 

GEOMETRIC MEAN GOBIOSOMA GINSBURGI 


P. AMERICANUS STAGE 2 I 

P. AMERICANUS STAGE 2 I1 

3. AMERICANUS STAGE 2 111 

ARITHMETIC MEAN P. AMERICANUS STAGE 2 
GEOMETRIC HEAN P. AMERICANUS STAGE 2 

P. AMERICANUS STAGE 3 I 

P. AMERICANUS STAGE 3 IT 

P. AMERICANUS STAGE 3 111 


ARITHMETIC MEAN P. AMERICANUS STAGE 3 

GEOMETRIC MEAN P. AMERICANUS STAGE 3 


TOTAL LARVAE I 
TOT= LARVAE TI 
TOT= UIRVAE I11 

ARITIIMETIC MEAN TOTAT. M A E  
GEOMETRIC MEAN TOTAL LARVAE 


0.92 

0.64 

0.56 


8.42 

7.93 

8.26 

8.20 

8.18 


10.52 

7.93 

9.17 

9.21 

9.13 


21.04 

22.81 

22.01 

21.96 

21.87 


Marine Rueardt, Ine,  Falmouth, M a  



BRAYTON POINT ICI-ITIIYOPLANKTONE " h E N T  	 STUDY 17 APRIL 1998 

File C:\MIKE\access\bpSl.mdb Table: Table17 

DENSITES INNUMBER OF PLANKTON PER 100 CUBIC METERS OFWATER 1 

SPECIES 

P.AWZRICANUS TOTAL I 

P.AMERICANUS TOTAL I1 

P.AMERI-S TOTAL I11 

ARITHMETIC MEAW TOTAL P.AMERICANUS 

GEOMETRIC MEAN TOTAL P.AMERICANUS 


STATIONS 

LMlTS 1.23 UNIT 4 1 
18.94 

15.87 

11.43 I 
17.41 

17.31 


I 

I 
I 

1 
I 

I 


I 

Mnrhe Researdl. Inc ,  FnLnoufh,Ma I 



BRAYTON POINT ICHTI-IYOPLANKTON E"MENT	STUDY 21 APRIL 1998 

File C:\MIKE\access\bpS1 .mdb Table: Table21 

DENSITIES INNUMBER OF PLANKTON PER 100 CUBIC METERS OF WATER 

SPECIES 

ENCHELYOPUS CIMBRIUS I 

ENcaELYOPUS CIMBRIUS I1 

ENCHELYOPUS CIMBRIUS 111 


ARITHMETIC MEAN ENCBELYOPUS CIHBRIUS 

GEOMETRIC MEAN ENCHELYOPUS CIMBRIUS 


UIBRIDAE I 

LABRIDAE I1 

UIBRIDAE I11 


ARITHMETIC MEAEl LABRIDAE 

GEOMETRIC WEAN LABRIDAE 

SCOPBTRALMUS AQUOSUS I 

SCOPHTRALMUS AQUOSUS I1 

S C O P E T W S  AQUOSUS I11 


ARITHMETIC MEAw SC0PXT"US AQUOSUS 

GEOMETRIC MEAN S C O P R T W S  AQUOSUS 


PLEURONECTES AMERICANUS I 

PLEURONECTES AMERICANUS I1 

PLEURONECTES AMERICANUS I11 


ARITHMETIC HEAN PLEURONECTES AMERICANUS 

GEOMETRIC MEAN PLEURONECTES AMERICANUS 


TOTAL EGGS I 
TOTAL EGGS I1 
TOTAL EGGS I11 

ARITAMETIC MEAN TOTAL EGGS 
GEOMETRIC MEAN TOTAL EGGS 


STATIONS 

UNITS 1.2.3 UNIT 4 

140.99 
149 .  a2 
139.61 

143.47 
142.69 

538.78 
271.10 
456.00 

421.96 
402.97 

9.23 
9 .81  
4.13 

7 .72  
7.26 

0 . 0 0  
2.68 
0.00 

0.89 
0.54 

689.00 
433.41 
599.74 

574 -05  
560.13 

Marine Researd:,Inc, Fohrowh. M a  



BRAYTONPOINT ICHTI-IYOPLANKTONENTRAMMENT STUDY 21 APRIL 1998 

File C:Wbccess\bpS 1 .mdb Table:Table21 

SPECIES 

OSMERUS M O R D M  I 
OSMERUS MORDM I1 
OSMERUS MORDAX 111 

ARITHMETIC MEAN OSMERUS MORDAX 
GEOMETRIC MEAN OSMERUS MORDAX 

MYoxocEP~usAENAEUS I 

MYOXOCEPHALUS AENAEUS I1 

MYoxocEPHALus AENAEUS 111 


ARITHMETIC MEAN MYOXOCEPWUS AENAEUS 

GEOMETRIC MEAN MYOXOCEPWUS A E W U S  


WODYTES SP. I 

WODYTES SP. I1 

WODYTES SP. 111 


ARITHMETIC MEAN MODYTES SP. 

GEOMETRIC MEAN MODYTES SP. 


GOBIOSOMA GINSBURGI I 

OOBIOSOMA GINSBURGI I1 

OOBIOSOMA GINSBURGI 111 


ARITHMETIC HEAN GOBIOSOMA GINSBURGI 

GEOMETRIC HEAW GOBIOSOMA GINSBUROI 


P. AMERICANUS STAGE 2 I 

P. AMERICANUS STAGE 2 I1 

P. AMERICANUS STAGE 2 111 


ARITHMETIC HEAN P. AMERICANUS STAGE 2 

GEOMETRIC UEAN P. AMERICANUS STAGE 2 


P. AMERICANUS STAGE 3 I 

P. AMERICANUS STAGE 3 I1 

P. AMERICANUS STAGE 3 111 


ARITHMETIC MEAN P. AMERICANUS STAGE 3 

GEOMETRIC MEAN P. AMERICANUS STAGE 3 


P. AMERICANUS STAGE 4 I 

P. AMeRICANUS STAGE 4 I1 

P. AMERICANUS STAGE 4 111 


ARITHMETIC HEAEl P. AMERICANUS STAGE 4 
GEOMETRIC MEAN P. AMERICANUS STAGE 4 

TOTAL LARVAE I 
TOTAL LARVAE I1 
TOTAL M V A E  111 

ARITHMETIC MEAN TOTAL LARVAE 
GEOMETRIC HEAN TOTAL W A E  

STATIONS 

UNITS 13.3 UNIT 4 

2 .52  
0.89 

2.48 
1.96 I 
1.85 


0.00 I 
0.89 

0.83 

0.57 

0.51 1 

1.68 

0.89 

1.65 I
1.41 

1.38 


0.00 1 
0.89 

0.00 


0.30 
0.24 1 

3.36 

1.78 

2.48 1 

2.54 
2.48 I 

9.23 

18.73 

14.04 

14.00 

13.44 1 
0.00 

0.00 1
0.83 


0.28 
0.22 
 I 

16.78 

24.08 

22.30 

21.06 

20.76 I 

1 
Marine Research,Ine, Falmouth,Ma I 

-~~~~ . 



BRAYTON POINT ICHTHYOPLANKTON ENTRAI"T 	 STUDY 21 APRIL 1998 

File C:Ulm(E\access\bpS1.mdb Table:Table21 

DENSITES INNUMHER OF PLANKTON PER 100 CUBIC METERS OF WATER 

STATIONS 

SPECIES UNITS 1.2.3 unit4 

P.AHERIcAwuS TOTAL I 

P.AHERICANUS TOTAL I1 

P.AMERICANUS TOTAL 111 

ARITBMETIC HEAN TOTAL P.AMERICANUS 

QEOMETRIC MEAN TOTAL P.AMERIcAwuS 


12.59 
20.51 
17.35 

16.82 
16.45 

Marble Researdi, Inr,  FalmouZh,Ma 



--- 

BRAYTONPOINT ICHTHYOPMTON E"T	STUDY 27 APRJL 1998 

FileC:\MIKE\access\bp81.mdb Table: Table27 

DENSlTIES INNUMBER OF PLANKTON PER 100 CUBICMETERS OFWATER 1 
--EGGS 

SPECIES 

ZNNCBBLIOPUS c 1 m u s  I 
lwcHgLpoPus c 1 m u s  11 
ZNCBELYOWS CIwBRIU8 I11 

ARITEMPTIC W ZNcHpLYOpvEl C I m U S  
OPOWPTRIC wuI# X U H U P O H I B  c 1 m u s  

ScoPBTBW(uB AQUOSVS I 
SCOPETEAUmS AQVOSUS I1 
ScoPETHAUIuS AQUOSUS I11 

W T E M P T I C  W SCOPETEUMUS -US 
OXOWPTRIC mal3 S C O P E T ~ SAQuosus 

TOTAL BaoS I 
TOTAL xaos I1 
TOTAL B W S  I11 

ARITEMBTIC XEAN TOTAL 2-8 
OXoMgTRIC )IpAN TOTAL 2008 

STATIONS 

IJNm 1ZJ UNIT4 1 
26.79 
24.12 
16.55 

23.13 m 
22.80 

50.88 
43.06 I 
32.05 

41. 99 
41.11 I 

39.67 
45.65 
26.99 

37.43 I 
36.45 

117.27 I
112.83 


77.58 
102.56 
100.43 I 

I 

Morinc Raearch,Inc, Fidmonth, Ma 

1 



I 

1 


1 

I 

I 


BRAYTONPOINT 1C"YOPLANKTON ENTRAINMENTSTUDY 27 APRTL 1998 

File C\MIKE\accessurp81.mdb Table: Table27 

DENSITES I"lJh4BER OF PLANKTON PER 100 CUBICMETERS OF WATER 

STATIONS 

U"JX 1.22 UNIT4 

CZUPPA HARWWS I 
CLUPM M N W S  11 
CZUPPA HARPNWS I11 

ARITBMPTIC WEAW CLUPm HARENWS 
OPOIUTRIC XUN C L U P n  MRZNGUS 

AIII(ODYTPS 8 P .  I 
W O D Y T I S  SP. 11 
NQ40DYTIS SP. I11 

ARITBMBTIC WIUN AM4ODYTIS SP. 
OIol4BTRIC XUN AuMoDYT.8 SP. 

OOBIOSOMA OINSBVRQI I 
OOBIOSOMA O1NSBVRL)I 11 
Q O B I O S ~QINSBVRQI I11 

ARITHMITIC MBAW OOBIOSO3u OINSEURQI 
GPOWTRIC MEW OOBIOSOMA QIN88uRoI  

P. AMKRXCANUS STACI. 2 I 
P. UQLRICANUS STAGX 2 I1 
P. -1CANug STAOI 2 111 

ARITBMPTIC MBAW P. AlQzRIcAMlS STAOI 2 
QZOHIITRIC WIAN 0. AMERICANUS STAQX 2 

P. AWBRICANUS STAGX 3 I 
P. AXPRICANUB STAOI 3 I1 
P. AwHRIcAwuS 8T-X 3 111 

AFUTHKPTIC WPIW P. 8TAQS 3 
QIollpTRIC XUN P. A1IpRI-S S T M B  3 

0.00 
0.00 
0.84 

0.28 
0.23 

0.00 
4 .31  
0.00 

1.44 
0.74 

2.59 
0.00 
2.53 

1.71 
1 .33  

0.86 
0.00 
0.84 

0.57 
0 .51  

16.38 
13.78 
25.30 

18.49 
17.85 

1 .72  
0.00 
0.00 

0.57 
0.40 

2.59 
10.34 

0.84 
4.59 
3.21 

20.70 
15.50 
15.18 

17.13 
16 .91  



BRAYTON POINTICHTHYOPLANKTON ENTRAINMENTSTUDY 27 APRIL 1998 

File C:mbccess \bp81.mdb Table: Table27 1 
DENSITES INNUMDER OF PLANKTON PER 100 CUBICMETERS OFWATER 

SPECIES 

ALOSA SPP. I 
-SA SPP. 11 
AtoSA SPP. I11 

ARITBMETIC MEAN ALOSA SPP. 
GEOMETRIC MEAN ALOSA SPP. 


CLUPEA EARENGUS I 
CLWEA BARENGUS I1 
CLUPEA EARENGUS I11 

ARITaMETIC MEAN CLUPEA HARENOUS 

GEOMETRIC MEAN CLVPEA RARENWS 

OSMERUS MORDAX I 
OSMERUS MORDAX I1 
OSNERUS MORDAX I11 

ARITHMETIC MEAN OSMERUS MORDAX 

QEOMETRIC MEAN OSWZRUS MORDAX 

MYOXOCEPHALUS AENAEUS I 

MYOXOCEPgRcUS AENAEUS 11 

MYOXOCEPHALUS AENAEUS 111 


ARITHMETIC MEAN WOXOCEPHAtUS AeNAEUS 

GEOMETRIC MEAN NYOXOCEPWUS AENAEUS 

AMMODYTES SP. I 

AMMODYTES SP. 11 

AMMODYTES SP. I11 


ARITHMETIC MEAN AMMODYTES SP. 

GEOMETRIC MEAN AMMODYTES SP. 


QOBIOSOMA GINSBWI I 

QOBIOSOMA GINSBURGI 11 

GOBIOSOMA GINSBURGI I11 


ARITHMETIC MEAN GOBIOSOMA GINSBURGI 

GEOMETRIC MEAN GOBIOSOMA GINSBURGI 


0.  	AMERICANUS STAGE 2 I 
P. AMERICANUS STAGE 2 I1 
P. AMERICANUS STAGE 2 111 

ARITHMETIC MEAN P. AMERICANUS STAGE 2 
QEOMETRIC MEAN P. AMERICANUS STAGE 2 


P. AMERICANUS STAGE 3 I 
P. AMERICANUS STAGE 3 I1 
P. AMERICANUS STAGE 3 I11 

ARITIiMETIC MEAN P. AMERICANUS STAGE 3 

GEOMETRIC MEAN P. AHERICANUS STAGE 3 

STATIONS 

UNITS 13.3 UNIT 4 

0.00 
0.00 
0.84 

0.28 
0.23 

0.00 
4.31 
0.00 

1 . 4 4  
0.74 

2 .59  
0.00 
2.53 a 

1 . 7 1  
1.33 

1
0 . 8 6  
0 .00  
0.84 

0.57 
0 .51  1 

16.38 
13.78 1
25.30 

18.49 
17.85 1 

1.72 
0.00 
0.00 

0.57 1
0.40 

2 .59  
10.34 51 

0.84 
4.59 
3.21 1 

+,+- 2 0 . 7 ~  

15.50 
15.18 - 17813 1 

5.43 

1 
Morurc Research, Inc, FolnowII, Ma 1 



I 

li 

I 

1 

n 

I 

I 

I 

1 

I 

I 

n 

I 

1 

I 

I 

1 

I 

1 


BWYTON POINT ICHTHYOPLANKTONENTRATNMENT STUDY 27 APRIL 1998 


File C:\MWE\access\bp81.mdb Table:Table27 


DF3JSITIE.S INNUMBER OFPLANKTONPER 100 CUBICMETERSOFWATER 

II. ..I 


SPECIES 

TOTAL IAmrAx I 
TOTAL W A S  I1 
TOTAL IARVAE I11 

-=TIC wrul TOTAL M A S  
QIOMETRIC TOTAL LhRVAE 

P.AlmRICANuS TOTAL I 

P.AwpRIcuTuII TOTAL I1 

P.AlmRIcANu8 TOTAL I11 

ARIT-TIC wrul TOTAL P . m I c A N u S  

OpOXSiTRIC TOTAG P.AlmRIcAwuS 


STATIONS 

UMTS 123 UNIT4 

44.84 
43.92 
45.54 

44.11 
44.59 

23.28 
25.84 
16.02 

21.11 
21.23 

Marine Raearch,Inc, F-, Ma 



BRAYTON POINT ICHTI-IYOPLANKTON LWlIWNMEW STUDY 1 MAY 1998 

File C:lMKEbccess\bp82.indb Table: Table1 

DENSITIES INNUMBER OF PLANKTON PER 100 CUBICMETERSOF WATER 1 

STATIONS 

SPECIES UNITS 1.2.3 UNIT 4 

mSA SPP. I 
FiLoSA SPP. 11 
ALOSA SPP. 111 

ARITHMETIC MEAN ALOSA SPP. 
GEOMETRIC MEAN ALOSA SPP. 


OSMERUS MORDAX I 
OSMERUS MORDAX I1 
OSMERUS MORDAX 111 

ARITHMETIC MEAN OSMERUS MORDAX 
GEOMETRIC MEAN OSMERUS MORDAX 

AMMODYTES SP. I 

AMMODYTES SP. I1 

WODYTES SP. I11 


ARITHMETIC WeAN MODYTES SP. 
GEOMETRIC HEAN AbQ4ODYTES SP. 


GOBIOSOMA GINSBURQI I 

GOBIOSOMA GINSBURGI IT 

GOBIOSOMA GINSBURGI I11 


ARITIIMETIC MEAN GOBIOSOMA GINSBURGI 

GEOMETRIC MEAN GOBIOSOMA GINSBURGI 


P. AMERICANUS STAGE 2 I 

P. AMERICANUS STAGE 2 I1 

9. AMERICANUS STAGE 2 I11 


ARITHMETIC MEAN P. AMERICANUS STAGE 2 

GEOMETRIC KEAN P. AMERICANUS STAGE 2 


P. A M E R I W S  STAGE 3 I 

P. AMERICANUS STAGE 3 I1 

P. AMERICANUS STAGE 3 111 


ARITHMETIC MEAN P. AMERICANUS STAGE 3 

GEOMETRIC MEAN P. AMERICANUS STAGE 3 


P. AMERICANUS STAGE 4 I 

9. AMERICANUS STAGE 4 11 

P. AMERICANUS STAGE 4 111 


ARITBMETIC MeAN P. AMERICANUS STAGE 4 

QEOMETRIC MEAN P. AHERICANUS STAGE 4 


TOTAL L&RVAE I 
TOTAL LARVA3 I1 
TOTAL LARVAE 111 

ARITEMETIC MEAN TOTAL LbRVAE 
GEOMETRIC MEAN TOT= LARVAE 

0.00 
0.00 
0.89 

0.30 
0.24 


0 . 8 7  
0.00 
0.89 


0.59 
0.52 


0.00 
0.00 
0 .89  
0.30 

0.24 1 

0.OQ 

0 . 0 0  
1.77 


0.59 
0.40 


0.00 
0.92 1 
0.00 

0 .31  
0.24 
 1 

14.00 
14.14 
11.53 
13.42 1
13.32 


0 . 0 0  
0 . 0 0  1 
1.77 


0 . 5 9  
0.40 
 1 

14.81 

15.66 
11.13 


16.09 1 
16.00  

1 



I 
s BRAYTON POINT ICHTHYOPLANKTONENTRAINMENT STUDY 1MAY 1998 

File C:\MME\access\bp82.rndb Table: Table1 

1 DENSITIES INNUMBER OF PLANKTON PER 100 CUBIC METERS OFWATER 

8 
1 SPECIES 

B 
ENCHELYOPUS CIMBRIUS I 
BNCEELYOPUS CIMBRIUS 11 
PNCEELYOPUS CIMBRIUS 111 

ARITIlMETIC NEAN ENCIIELYOPUS CIMBRIUS 
GEOMETRIC MEAN ENCIIELYOPUS CIKBRIUS 

I 	LABRIDAE I 
ULBRlDAE If 
LABRIDAE I11 

ARITIIMETIC MEAN LABRIDAE 
GEOMETRIC MEAN LABRIDAEI 

1 
PARALICHTITBYS-SCOPHTWS I 
P ~ I c � I T ~ Y s - s c o P H T B A L M l sI1 
PARAZICHTHYS-SCOPHTHALMUS I11 

ARITRMeTIC MEAN PmICHTHYS-SCOPHTHAtMOS 
GEOMETRIC MEAN PARACICHTHYS-SCOPHTBS

I TOTAL EGGS I 
TOTAL EGGS I1 
TOTAL EGGS I11 

ARITHMETIC MEAN TOTAL EGGS 
GEOMETRIC MEAN TOTAL EGGSI 

E 

e 

I 

I 

I 

1 
I 
I 

STATIONS 

UNITS 1.2.3 UNIT 4 

40.24 
47.92 
22.17 

36.77 
34.89 

589.60 
593.42 
776.77 

653.26 
643.57 

86.60 
66.34 
50.54 

67.83 
65.96 

716.45 
707.68 
849.49 

757.87 
750.20 

Marine Research, he,Folnouth,Ma 



BRAYTONPOINT ICHTHYOPLANKTONmrrummmSTUDY 1 MAY 1998 


File C:UvlIKEbccess\bp82.mdbTable: Table1 


DENSJ’IW INNUMBER OF PLANKTON PER 100 CUBIC METERS OFWATER 


SPECIES 

P.AM�XICANUS TOTAL I 

P.AMERICANUS TOTAL I1 

P.AMERICANUS TOTAL 111 

ARITHMETIC HEAN TOTAL P.AMERICANUS 

GEOMETRIC HEAN TOTAL P.AMERIcAERlS 


STATIONS 

UNITS 1.2.3 UNIT4 

14.00 
1 5 . 6 6  
13.30 

14.32 

14.25 

Marble Research,hc,Fafmodt,Ma 

I 

I 

1 


1 

I 

I 


I 


I 


1 

I 


I 

I 


1 




BRAYTON POINTICI-ITHYOPIANKTONENTRATNMENTSTUDY 6 MAY 1998 

Filc C:\MIKE\;lccess\hp82.mdb Table: Table6 

DENSITIES INNUMBER OF PLANKTON PER IO0CUBICMETERS OFWATER 

SPECIES 

ALOSA SPP. I 
ALOSA SPP. I1 
ALOSA SPP. I11 

ARITHMETIC MEAN ALOSA SPP. 
GEOMETRIC WZAN ALOSA SPP. 

OSMERUS MORDAX I 

OSMERUS MORDAX I1 

OSMZRUS MORDAX I11 


ARITIIMETIC MEAN OSMERUS MORDAX 
GEOMETRIC MEAN OSMERUS MORDAX 

ENCHELYOPUS CIMBRIUS I 

ENCBELYOPUS CIMBRIUS 11 

ENCHELYOPUS CIMBRIUS I11 


ARITHMETIC MEAN ENCHELYOPUS CIMBRIUS 
GEOMETRIC MEAN ENCHELYOPUS CIMBRIUS 

TAUTOGA ONITIS 1 7 L!,l.>l,'' 


TAUTOGA ONITIS I1 

TAUTOGA ONITIS I11 .i


ARITBMETIC MEAN TAUTOGA ONITIS 

GEOMETRIC MEAN TAUTOGA ONITIS 


IJ'LVARIA SVBBIFURCATA 1 

ULVARIA SVBBIFWRCATA I1 

ULVARIA SVBBIFURCATA I11 


ARITBMETIC MEAN WLVARIA SVBBIEURCATA 

GEOMETRIC MEAN ULVARIA SUBBIFURCATA 


GOBIOSOMA GINSBURGI I 

DOBIOSOMA GINSBURGI I1 

GOBIOSOMA GINSBURGI 111 


ARITHMETIC MEAN GOBIOSOMA GINSBURGI 
GEOMETRIC WZAN GOBIOSOMA GINSBURGI 

P. AMERICANUS STAGE 2 I 

P. AMERICANUS STAGE 2 I1 

P. AMERICANUS STAGE 2 I11 


STATIONS 

UNITS 133 unit4 

2.07 
1.86 
1.81 

1.91 

1.91 


1.04 

0 .93  
0.00 

0 . 6 6  
0 .58  

0 .00  
0 .00  
0.91 

0.30 
0.24 


0 . 0 0  
0.00 
0.91 


0.30 
0.24 


0 . 0 0
W' 0 .93  

0 .00  
0.31 
0.24 


0 . 0 0  
0 .93  
0 .00  

0.31 
0.24 


ARITIIMETIC M?AN P. AMERICANUS STAGE 2 
GEOMETRIC MEAN P. AMERICANUS STAGE 2 

P. AMERICANUS STAGE 3 I 

P. AMERICANUS STAGE 3 11 

P. AMERICANUS STAGE 3 I11 


ARITIIMETIC MEAN P. AMERICANUS STAGE 3 

GEOMETRIC MEAN P. AMERICANUS STAGE 3 


1 . 0 4  
0 . 0 0  
0.00 

0.35 
0.27 


2.07 

0.93 
0 .91  

1.30 
1.24 


Marine Researdi,hc,Falmonth, M a  



I 
BRAYTON POINT ICHTHYOPLANKTON ENl'RAD&T:NTSTUDY 6 MAY 1998 

File C:\MIKE\accessbp82.mdb Table: Table6 I 

SPECIES 

BREVOORTIA TYRANMJS I 

BREVOORTIA TYWUWJS I1 

BREVOORTIA TYRANNUS 111 


ARITHMETIC MEAN BREVOORTIA TYRAETNUS 
GEOMETRIC MZAN BREVOORTIA WRANNWS 

"L"
pu*\, hi[.$ bJl%i2%\ ,',,,,& '$ 
ENCHELYOPU -UROPHYCIS-PEPRILUS I 

ENCBELYOPUS-UROPHYCIS-PEPRILUS If 

ENCEELYOPUS-UROPHYCIS-PEPRILUS 111 


ARITHMETIC HEAN ENCHELYOPUS-UROPHYCIS-PEPRILUS 

GEOMETRIC MEAN ENCHELYOPUS-UROPHYCIS-PEPRILUS 


ENCHELYOPUS CIMBRIUS I 

ENCHELYOPUS CIMBRIUS I1 

XNCHELYOPUS CIMBRIUS 111 


ARITHMETIC MEAEl ENCBELYOPUS CIMBRIUS 

GEOMETRIC HEAEl ENCHELYOPUS CIMBRIUS 


, -
PRIONOTUS SPP. I cy '@I 


PRIONOTUS SPP. I1 

PRIONOTUS SPP. IT1 


ARITHMETIC MEAN PRIONOTUS SPP. 

GEOMETRIC WEAW PRIONOTUS SPP. 

LABRIDAE I 

WIBRIDAE 11 

LABRIDAE 111 


ARITHMETIC MEAN LABRIDAE 

GEOMF,TRIC MEAN LABRIDAE 


PARAtICHTHYS-SCOPHTHALMVS I 
PARAtICBTHYS-SCOPBTHALMVS11 
PARAtICWl"YS-SCOPHTHALMUS 111 

ARITHMETIC MEAN PAFGUICBTHYS-SCOPHTWS 

GEOMETRIC MEAN PARALICBTHYS-SCOPHTWS 


TOTAL EGGS I 

TOTAL EGGS 11 

TOTAL EGGS 111 


ARITHMETIC MEAN TOTAL EGGS 
GEOMETRIC MEAN TOTAL EGGS 

STATIONS 

UNITS 1.2.3 UNIT 4 

0.00 
4.65 
3 .62  1

2.76 
1 .96  

0.00 
60.41  
22.64 

27.68 
10 .30  1 

87.04 
25.09 

8 .15  3 
40.10  
26.51 

0.00 1 
0.93 
0.00 

0 .31  
0.24 I 

1720.42 
4672.87 
7780.25 I 

4727.18 
3943.06 

225.90 
289.96 
253.55 

256.47 
253.72 

2041.36 
5053.91 1
8068.21 

5054.50 
4329.90 I 


I 

I 

hfarirreResearch, Inc, Fahoutlr, MQ I 
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BRAYTON POINT ICHTHYOPLANKTONENTRAINMENT	STUDY 6 MAY 1998 


File C:b4l?Xk1cccss\bp82.mdbTable: Table6 


DENSITES INNUMBER OF PLANKTONPER IO0CUBICMETERS OF WATER 

STATJONS 

SPECIES lJNITS 1.2.3 UNIT4 

TOTAL LARVAE I 
TOTAL m V A E  I1 
TOT& LARVAE I11 

ARITHMETIC MEAN TOTAL LARVAE 
GEOMETRIC MEAN TOTAL LARVAE 

P.AMeRICANUS TOTAL I 

P.AMERICANUS TOTAL I1 

P.AMERIcRNuS TOTAL I11 

ARITHMETIC HEAN TOTAL P.AMERICANUS 

GEOMETRIC HEAN TOTAL P.AMERICANUS 


6.22 
5.58 
4 .53  

5 . 4 4  
5.39 

3.11 

0.93 

0.91 


1 . 6 5  
1 . 4 7  

MarineReseardi, I n r ,  Folnoruh,Ma 



BRAYTON POINT ICHTHYOPLANKTONE N T R N " T  	STUDY 13 MAY 1998 

Filc C:\MMmaccess\bp82.mdb Table: Table13 

DENSITIES INNUMUER OF PLANKTON PER 100 CUBIC METERS OF WATER 1 

STATIONS 

SPECIES LMITS 1.2.3 UNIT 4 

BREVOORTIA TYRANNUS I 

BREVOORTIA TYRANNUS I1 

BReVOORTIA TTT(A"US 111 


ARITHMETIC MEAN BREVOORTIA TYRA"US 

GEOMETRIC MEAN BREVOORTIA TYRAWNUS 


ENCHELYOPUS-UROPHYCIS-PEPRILUSI 

ENCHELYOPUS-UROPHYCIS-PEPRILUS 11 

ENCHELYOPUS-UROPHYCIS-PEPRILUS111 


ARITHMETIC MEAN ENCHFLYOPUS-UROPHYCIS-PEPRILUS 

GEOMETRIC MEAN ENCHELYOPUS-UROPHYCIS-PEPRILUS 


ENCHELYOPUS CIMBRIUS I 

ENCBELYOPUS CIMBRIUS I1 

ENCHELYOPUS CIMBRIUS 111 


ARITHMETIC MEAN ENCHELYOPUS CIMBRIUS 
GEOMETRIC MEAN ENCHELYOPUS CIMBRIUS 


LABRIDAE I 

LABRIDAE 11 

LAERIDAE 111 


ARITHMETIC MEAN LABRIDAE 

GEOMETRIC MEAN LABRIDAE 
 i 

j , ;  : 
!, , ;;It$[\;;. 

SCOMBER SCOMBRUS I 

SCOMBER SCOMBRUS I1 /)j:iLLj i: ' ' 

SCOMBER SCOMBRUS I11 


ARITHMETIC MEAN SCOMBER SCOMBRUS 

GEOMETRIC MEAN SCOMBER SCOMBRUS t'' 

*q J , i u,.,(e/. 
, 

,!,- ''1
i j ; " ' : ,  i '  

ETROPUS MICROSTOMUS I Lik.joi ! PETROPUS MICROSTOMUS I1 JT 

ETROPUS MICROSTOMUS 111 

ARITHMETIC MEAN ETROPUS MICROSTOMUS 
GEOMETRIC MEAN ETROPUS MICROSTOMUS 


PARALICBTHYS-SCOPHTIIALMUS I 

PARAtICHTHYS-SCOPHTWS I1 

PARALICBTEYS-SCOPHTHALMJS XI1 


ARITHMETIC MEAN PARALICBTHYS-SCOPHTHALMUS 

GEOMETRIC MEAN PARALICHTHYS-SCOPHTHALMUS 


TOTAL EGGS I 

TOTAL EGGS I1 

TOTAL EGGS I11 


ARITXMETIC MEAN TOTAL EGGS 

GEOMETRIC MEAN TOTAL EGGS 


2.30 

3.11 

0 . 8 0  
2.07 1 
1.90 


13.01 1 
9.34 

16.09 

12.81 

12.49 1 

0 .00  
0 .00  
0.80 I 
0.27 

0.22 


187.50 I 
167.11 

215.58 

190.06 

188.04 I 
2.30 

0.00 

0 .80  I 
1.03 

0.81 


1
0.77 

0.00 

0.00 

0.26 

0.21 1 

84.18 

90.30 183.66 

86.05 

85.61 
 1 

290.05 

269.87 

317.74 

292.55 I290.24 


I 
Marhe Research, Inc, Fahouth, Ma. 1 



BRAYTON POINT ICHTHYOPLANKTON E N l R A m  STUDY 13MAY 1998 

File C:\MIKE\access\bp82.mdb Table:Table13 

DENSITES INNUMBER OF PLANKTON PER 100 CUBICMETERS OF WATER 

SPECIES 

U O S A  SPP. I 
ALOSA SPP. 11 
U S A  SPP. 111 

ARITEMETIC HEAN ALOSA SPP. 
GEOMETRIC MEAN ALOSA SPP. 

OSMERUS MORDAX I 
OSMERUS MORDAX I1 
OSMERUS MORDAX 1x1 

ARITHMETIC MEAN OSMERUS MORDAX 
GEOMETRIC MEAN OSMERUS MORDAX 

GADUS HORHUA I 

-US MORHUA I1 

GADUS MORBUA I11 


ARITEMETIC MEAN GADUS MORHUA 

GEOMETRIC MEAN GADUS MORHUA 


4' 

c / / : ; q *  /
MENIDIA SPP. I i '-
HENIDIA SPP. I1 

MENIDIA SPP. I11 


ARITIIMETIC MEAN MENIDIA SPP. 

GEOMETRIC MEAN MENIDIA SPP. 


LIPARIS ATLANTICUS I 
LIPARIS ATLANTICUS I1 \ 

LIPARIS ATLANTICUS 111 
ARITHMETIC MEAN LIPARIS ATLANTICUS 

GEOMETRIC MEAN LIPARIS ATLANTICUS 


:- 7 -
MORONE AMERICANA I 

L / " t T  
\ 

MORONE AMERICANA I1 

HORONE AMERICANA I11 


ARITIIMETIC MEAN MORONE AMERICANA 

GEOMETRIC MEAN MORONE AMERICANA 


AMMODYTES SP. I 

MODYTES SP. I1 

AMMODYTES SP. I11 


ARITEMETIC MEAN AMMODYTES SP. 

GEOMETRIC MEAN AMMODYTES SP. 

OOBIOSOMA GINSBURGI I 

GOBIOSOMA GINSBURQI I1 

GOBIOSOMA GINSBURGI I11 


ARITmTIC MEAN GOBIOSOHA GINSBURGI 
GEOMETRIC MEAN GOBIOSOMA GINSBURGI 


STATIONS 

UNITS 1.2.3 unit4 

8.42 
3 .11  
1 .61  

4.38 
3.65 

0.77 
8.30 
4.83 

4.63 
3.57 

0 . 0 0  
0.00 
0.80 

0.27 
0.22 

0 .77  
0.00 
0.00 

0.26 
0.21 

5.36 
11 .42  

7.24 
8.00 
7.65 

0.00 
1 .04  
0.00 

0.35 
0.27 

0.77 
2.08 
0.00 

0.95 
0.76 

1.53 
2.08 
0.00 

1 .20  
0.98 

Marine Research, Inc, Falnowlr,M a  



BRAYTON POINT ICI-1THYOPIANKTON ENTRAINMENT STUDY 13 MAY 1998 

Pile C:UdKEbccess\bp82.1ndb Table: Table13 1 

STATIONS 

SPECIES UNITS 1.23 UNIT 4 1 
S C O P H T ~ S 
AQUOSUS I 

SCOPXTHAuaJS AQUOSUS I1 

SCOPHT-S AQUOSUS 111 


ARITHMETIC MEAN SCOPBTIIALMUS AQUOSUS 

GEOMETRIC MEAN S C O P H T W S  AQUOSUS 


P. AMERICANUS STAGE 1 I 

P. AMERICANUS STAGE 1 I1 

P. AMERICANUS STAGE 1 111 


ARITHMETIC MEAN P. AMERICANUS STAGE 1 

GEOME’PRIC MEAN P. AMERICANUS STAGE 1 


P. AMERICANUS STAGE 2 I 

P. AMERICANUS STAGE 2 11 

P. AMERICANUS STAGE 2 111 


ARITHMETIC MEAN P. AMERICANUS STAGE 2 

GEOMETRIC MEAN P. AMERICANUS STAGE 2 


P. AMERICANUS STAGE 3 I 

P. AMERICANUS STAGE 3 I1 

P. AMERICANUS STAGE 3 111 


ARITHMETIC MEAN P. AMERICANUS STAGE 3 

GEOMETRIC MEAN P. AMERICANUS STAGE 3 


P. AMERICANUS STAGE 4 I 

P. AMERICANUS STAGE 4 I1 

P. AMERICANUS STAGE 4 111 


ARITHMETIC MEAN P. AMERICANUS STAGE 4 

GEOMETRIC WEAN P. AMERICANUS STAGE 4 

I , \ t i  

TRINECTES MACULATUS I 1,OLIt L ‘-/ 
TRINECTES MACULATUS 11 J 
TRINECTES MACULATUS I11 

ARITHMETIC MEAN TRINECTES MACULATUS 

GEOMETRIC MEAN TRINECTES MACULATUS 


UNIDENTIFIED FRAOMENTS I 

UNIDENTIFIED FRAGMENTS 11


~ ~~ 

UNIDENTIFIED FRAOMENTS 111 
ARITHMETIC MEAN UNIDENTIFIED FRWMENTS 

GEOMETRIC MEAN UNIDENTIFIED FRAGMENTS 


TOTAL LARvAe I 
TOTAL L&RVAE 11 
TOTAL LARVAE 111 

ARITHMETIC MEAN TOTAL LARVAE 

GEOMETRIC MEAN TOTAL W V A E  

0.00 
1.04 
0.00 1

0.35 
0.27 


0.77 1 
0 . 0 0  
0 . 0 0  
0.26 

0.21 1 

5.36 

9.34 

4.03 1 
6.51 

6.25 


29.08 1 
39.44 

39.42 

35.98 

35.50 1 
4.59 

6.23 

4.83 1 
5.22 

5.16 
 1 

0.00 
1.04 

0.00 
0.35 

0.27 1 

0 . 0 0  
0 . 0 0  
0 . 8 0  
0.27 

0.22 1 

57.40 

85.11 

64.35 

68.95 1 
67.72 


1 
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BRAYTON POINT ICHTHYOPLANKTON ENTRAINMENT STUDY 13MAY 1998 

File C:Wbccess\bpSZ.rndb Table: Table13 

DENSITES INNUMBER OF PLANKTON PER 100 CUBIC METERS OFWATER 

SPECIES 

P.AMERICANUS TOTAL I 

P.AMERICANUS TOTAL I1 

P.AMERIcANuS TOTAL I11 

ARITHMETIC MEAN TOTAL P.AMERICANUS 

GEOMETRIC HEAN TOTAL P.AMERICANUS 


STATIONS 

UNITS 1.2.3 UNIT 4 

39.80 
55.01 
49.07 

47.96 
47.36 

hiarbreResearch, Inc,Fahouth, Ma 



BRAYTON POINT ICI-I?I-IYOPI,ANKTONEt&RANMENT STUDY 18 MAY 1998 

File C:UvUKEbccess\bp82.mdb Table: Table18 I 
DENSITES INNUMBER CIF PLANKTON PER 100 CUBICMETERSOF WATER 

SPECIES 

BREVOORTIA TYRANNUS I 

aReVOORTIA TYRANNUS 11 

BREVOORTIA TYRANNUS 111 


ARITHMETIC MEAN BREVOORTIA TYRANNUS 

GEOMETRIC MEAN BREVOORTIA TYRANNUS 

ENCHELYOPUS-UROPHYCIS-PEPRILUS I 

ENCHELYOPUS-UROPHYCIS-PEPRILUS I1 

ENCHELYOPUS-UROPHYCIS-PEPRILUS I11 


ARITHMETIC MEAN ENCHELYOPUS-UROPHYCIS-PEPRILUS 
GEOMETRIC MEAN ENCHELYOPUS-UROPHYCIS-PEPRILUS 

ENCHELYOPUS CIMBRIUS I 

ENCHELYOPUS CIMBRIUS I1 

ENCHELYOPUS CIMBRIUS I11 


ARITHMETIC MEAN ENCHELYOPUS CIMBRIUS 

GEOMETRIC MeAN ENCHELYOPUS CIMBRIUS 


UROPHYCIS SPP. I 

UROPHYCIS SPP. I1 

UROPHYCIS SPP. 111 


ARITHKETIC MEAN UROPHYCIS SPP. 

GEOMETRIC MEAN UROPHYCIS SPP. 


LABRIDAE I 

LABRIDAE I1 

LABRIDAE I11 


ARITHMETIC MEAN LABRIDAE 

GEOMETRIC MEAN LABRIDAE 

PARALICHTHYS-SCOPHTHALMUS I 

PARALICHTHYS-SCOPHTHS I1 

PARALICHTHYS-SCOPHTHALMUS I11 


ARITHMETIC MEAN PWICHTHYS-SCOPHTHALMUS 
GEOMETRIC MEAN PARALICHTHYS-SCOPHTI-IALMWS 

PLEURONECTES AMERICANUS I 

PLEURONECTES AMERICANUS I1 

PLEURONECTES AMERIcAMlS I11 


ARITHMETIC MEAN PLEURONECTES AMERICANUS 

GEOMETRIC MEAN PLEURONECTES AMERICANUS 

TOTAL EGGS I 

TOTAL EGGS I1 

TOTAL EGGS I11 


ARITHMETIC MEAN TOTAL EGGS 
GEOMETRIC MEAN TOTAL EGGS 


STATIONS 

UNITS 1.2.3 UNIT 4 I 
536.19 

733.28 

727.88 1
665.78 

654.73 


24.67 1 
16.51 

17.93 

19.70 

19.35 I 
0.00 

9.56 

6.27 I 
5.28 

3.24 


0.82 I 
0.00 

0.00 

0.27 

0.22 1 

1598.71 

1987.84 

3363.28 I 
2316.61 

2185.93 
 I 
167.71 

132.06 

188.24 

162.69 

160.15 I 
0.00 
0 . 8 7  I
0.00 
0.29 

0.23 
 I 

2328.16 

2880.11 

4303.61 

3170.63 I
3042.76 


I 
Marhe Research,Iiic, Falmodi,Ma 1 



BRAYTON POINT ICI-ITI-TYO P L M T O N  ENTRAINMENT STUDY 18MAY 1998 

File C:MIKEbccess\bp82.mdb Table: Table18 

DENSITES M MJMIER OF PLANKTON PER 100 CUBICMETERS OFWATER 

STATIONS 

s m x s  UNITS 13.3 unit4 

BREVOORTIA TYRANNUS I 

BREVOORTIA TYRANNUS I1 

BReVOORTIA TYRANNUS 111 


ARITHMETIC MEAN BREVOORTIA TYRANNUS 

GEOMETRIC MERN BREVOORTIA TYRANNUS 

ANCHOA SPP. I 

ANCHOA SPP. I1 

ANCHOA SPP. I11 


ARITHMETIC MEAN ANCHOA SPP. 

GEOMETRIC MEAN ANCHOA SPP. 

OSMERUS MORDAX I 
OSMERUS MORDAX I1 
OSMERUS MORDAX I11 

ARITHKETIC MEAN OSMERUS MORDAX 
GEOMETRIC MEAN OSMERUS MORDAX 

ENCHELYOPUS CIMBRIUS I 

ENCHELYOPUS CIMERIUS I1 

ENCHELYOPUS CIMBRIUS I11 


ARITHMETIC MEAN ENCHELYOPUS CIMBRIUS 
GEOMETRIC MEAN ENCHELYOPUS CIMBRIUS 


MENIDIA SPP. I 

MENIDIA SPP. I1 

MENIDIA SPP. I11 


ARITHMETIC MEAN MENIDIA SPP. 
GEOMETRIC MEAN MENIDIA SPP. 

TAUTOGA ONITIS I 

TAUTOGA ONITIS I1 

TAUTOGA ONITIS I11 


ARITHMETIC MEAN TAUTOGA ONITIS 
GEOMETRIC MEAN TAUTOGA ONITIS 

i 
T. ADSPERSUS STAGE 1 I *, ’, ’ 
T. ADSPERSUS STAGE 1 I1 

T. ADSPERSUS STAGE 1 I11 


ARITHMETIC MEAN T. ADSPERSUS STAGE 1 
GEOMETRIC HEAN T. ADSPERSUS STAGE 1 

GOBIOSOMA GINSBURGI I 

GOBIOSOMA GINSBURGI I1 

GOBIOSOMA GINSBURGI 111 


ARITHMETIC MEAN GOBIOSOMA GINSBURGI 

GEOMETRIC MEAN GOBIOSOMA GINSBIJRGI 

4.11 

0.00 

0.00 

1.37 

0.72 


0.00 

3.48 

3 .59  
2.35 

1.74 


0.82 

0.87 

0.90 

0.86 

0.86 


0.00 

0.87 

0.00 


0.29 
0 .23  

1.64 

0.00 

0.00 

0.55 

0.38 


0 . 0 0  
0 . 0 0  
0 . 9 0  
0.30 

0.24 


0.00 

0.87 

0.00 

0.29 

0.23 


0.82 

0.87 

0.00 

0.56 

0.50 


Mnrbie Research,Inc, Fahourlt, Ma 



BRAYTON POINT ICI ITHYOPWTON ENTRAMMENT STUDY 18MAY 1998 

Pile C:\MZKE\access\bp82.1ndb Table: Table18 

DENSITIES INM.JMIER CIP PLANKTONPER 100 CUBIC METERS OFWATER i 

SPECIES 

SCOPHTHALMUS AQUOSUS I 

SCOPHTWUMJS AQUOSUS I1 

SCOPHTHALMUS AQUOSUS I11 


ARITHMETIC MEAN SCOPHTHALMUS AQUOSUS 
GEOMETRIC MEAN SCOPHTHAZXUS AQUOSUS 

P. AMERICANUS STAGE 2 I 

P. AMERICANUS STAGE 2 I1 

P. AMERICANUS STAGE 2 I11 


ARITHMETIC MEAN P. AMERICANUS STAGE 2 
GEOMETRIC MEAN P. AMERICANUS STAGE 2 

P. AMERICANUS STAGE 3 I 

P. AMERICANUS STAGE 3 I1 

P. AMERICANUS STAGE 3 XI1 


ARITHMETIC MEAN P. AMERICANUS STAGE 3 

GEOMETRIC MEAN P. AMERICANVS STAGE 3 

P. AMERICANUS STAGE 4 I 

P. AMERICANUS STAGE 4 I1 

P. AMERICANUS STAGE 4 I11 


ARITHMETIC MEAN P. AMERICANUS STAGE 4 

GEOMETRIC MEAN P. AMERICANUS STAGE 4 


TOTAL LARVAE I 
TOTAL LARVAE I1 
TOTAL LARVAE 111 

ARITHMETIC MEAN TOTAL IARVAE 
GEOMETRIC MEAN TOTAL LARVAE 


P.AMERICANUS TOTAL I 

P.AMERICANUS TOTAL I1 

P.AMER1CANUS TOTAL I11 

ARITHMETIC MEAN TOTAL P.AMERICANUS 

GEOMETRIC MEAN TOTAL P.AMERICANUS 


STATIONS 

irms 1.2.3 UNIT 4 1 
0.00 
0.87 

0 . 0 0  
0.29 1 
0.23 

0 . 0 0  
0.87 1 
0 . 0 0  
0.29 

0.23 
 1 

0.82 

4.34 

3.59 

2.92 1 
2.54 


0.82 

0 . 0 0  
0.90 

0.57 

0.51 


9.05 

13.03 

9.86 

10.65 

10.50 


1.64 

5.21 

4.48 

3.70 

3.48 1 

1 

1 

1 
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IV. TEMPERATURE. FLOW AND HEAT LOAD SUMMARY 

Brayton Point Station's National Pollutant Discharge Elimination System (NPDES) permit 
includes limits on the maximum hourly average discharge temperature and delta temperature and 
daily maximum flow through the discharge canal (permitted discharge point 001). In addition to 
these limits, in early 1997, Brayton Point Station, the U.S. Environmental Protection Agency, 
Massachusetts Department of Environmental Protection, Massachusetts Executive Office of 
Environmental Affairs and Rhode Island Department of Environmental Management entered into 
a memorandum of agreement (MOA)' which includes limits to the circulating water flow, total 
heat load into the Bay and the delta temperature during piggyback operations. 

Discharge temperature, delta temperature, heat load and discharge 001 and circulating water flow 
limits as outlined in the NPDES permit and MOA I1 were not exceeded in 1998. Table IV-1 lists 
the dates, time and duration of occurrence and the maximum temperatures recorded for those 
periods when the discharge temperature and delta temperature limit were exceeded during the 
years 1981 through 1990. 

The maximum hourly average discharge temperature limit in the Station's NPDES permit is 
95' F. Table IV-2 lists monthly average discharge temperatures for the years 1977through 1998. 

The maximum hourly average delta T is 22' F during once through operation and 30' F during 
piggyback operations. In 1998, Unit No. 4 operated in the piggyback mode from January 1 
through May 27 and from October 1 through December 31,1998. Tables IV-3 and IV-4 list the 
monthly maximum and monthly average delta T, respectively, for the years 1977through 1998. 

As outlined in MOA 11, the monthly average circulating water flow limit during October through 
May and June through September is 0.925 and 1.13 BGD, respectively, and the seasonal average 
circulating water flow limit during June through September is 1.08 BGD. The monthly total 
circulating cooling water flow volume estimates for the years 1977 through 1998 are presented in 
Table IV-5 and graphed in Figure IV-1. The monthly average circulating cooling water flow 
volume estimates for the years 1977 through 1998 are presented in Table IV-6. 

As outlined in MOA 11, the monthly total heat load limit during October through May and June 
through September is 4.1 and 3.4 TBTU, respectively, and the seasonal total heat load to the Bay 
limit during October through May and June through September is 29 and 13 TBTU, respectively. 
An estimate of total monthly, seasonal and annual heat rejected to the receiving waters of Mount 
Hope Bay is provided in Table IV-7 and graphed in Figure IV-2. 

In addition, Table IV-8 identifies important Brayton Point Station operational and engineering 
events that affected cooling water discharge flows and heat rejection to the bay. 

MOA I was in effect from February 6 through April 2,1997 and MOA I1 was in effect April 3, 
1997 and will remain in effect until re-issuance of a new NPDES permit. 

Brayton Point Station 
I998 Annual Report - IV-1 
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Table IV-8 

CHRONOLOGY 


BRAYTON POINT STATION OPERATIONS 

1962 - 1998 


A chronology of Station milestones is presented to assist with discussions regarding changes to 
circulating cooling water discharges and thermal output: 

- MilestoneYear 

1962 Unit 1 start commercial operation 

1963 Unit 2 start commercial operation 

1969 Unit 3 start commercial operation 

1973 First NPDES discharge permit - 90 F discharge temperature limit 

1974 Unit 4 start commercial operation - closed cycle cooling 

1975 	 Discharge channel relocated to present location & fish barrier nets 
installed 

1979 95 F discharge temperature limit approved 

1981 Unit 4 begins piggyback operation (5/81) 

1983 Unit 3 unscheduled outage (8/26/83 - 2/28/84) 

1984 	 Unit 4 end piggyback, start once-through cooling with new angled screen 
intake on Lee River (7/84) 

1985 Unit 3 unscheduled outage (8/25/85 - 2/15/86) 

1986 Unit 3 unscheduled outage (8/27/86 - 1/27/87) 

1993 Unit 4 piggyback demonstration (March only) 

1994 Unit 4 piggyback operation (2/17 - 4/29) 

1995 Unit 3 scheduled outage (2/18 - 4/30) -piggyback equivalent 

1996 Unit 4 piggyback operation (2/28 - 4/30) 

1997 Unit 4 piggyback operation (2/6 - 3/29 and 4/17 - 5/30) 

Bravion Point Station 



Table IV-8 (continued) 

I Year Milestone

B 1998 	 Unit 4piggyback operation (111 - 5/27 and 10/01 - 12/31) 
Unit 3 unscheduled outage (12/12 - 12/31) 

li 



V. FISH BARRIER NET 

Since August of 1975, Brayton Point Station has maintained a net located at the terminal end of 
the discharge canal to serve as a barrier to fish attempting to enter the discharge canal. The net is 
similar to a commercial trawl net with a stretched mesh size of approximately 21/2 inches. The 
last time the net was replaced was on June 25,1997. Prior to that, the net was replaced on June 
9, 1995. 

The cod end of the barrier net was opened during the summer months from July 8 through 
September 9, 1998 to allow the fish to leave the canal, if avoidance temperatures were reached. 

The barrier net is inspected and maintained on a routine basis (usually 2-3 times per week) by a 
diving contractor. Any dead fish observed in the net are counted, identified and length 
measurements estimated. In addition, the quantity of fish sighted upstream and downstream of 
the net are estimated by their size and species type. These observations are reported to the EPA 
and MA DEP in a quarterly report. Copies of these reports are in Attachment V-1 . 

During 1998, there were no unusual fish mortalities associated with the discharge canal or barrier 
net. 

Brayton Point Station 
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Attachment V 4  


1998 QUARTERLY FISH 

REPORTS 




N e w  England Power-
A NEES company 

April 9, 1998 

Planning and Administration (SPA) 

Environmental Protection Agency 

P.0 Box 8127 

Boston, Massachusetts 02114 


Sir or Madam: '1 
RE: 	 NEW ENGLAND POWER COMPANY, BRAYTON POINT STATION, 

SOMERSET MASSACHUSETTS - NPDES QUARTERLY FISH REPORT, 1 
PERMIT NUMBER MA0003654 

Pursuant to section A.2.j.(2) of New England Power Company Brayton Point 4 
Station's NPDES permit, enclosed is the 1998 First Quarter Fish Report for our 
Brayton Point Station. 

If you have any questions, please contact Meredith M. Sirnas at telephone 
number 508-646-5338. 

, Barr;y'A: Ketschke..-.----

Plant Manager 

1 

I 

1 


Enclosure (1) 



Aprill, 1998 


Meridith Simas 

New England Power Company 

Brayton Point Road 

Somerset MA 02726 


RE: Net report summery for lstQuarter 1998 

FISH: 

Outside: Striped bass were reported during January, typically in small schools of 20-30 

and sizes ranging fiom 10-15 inches. Striped bass were again observed in small schools 

on the later days of March. 

Inside: No fish were observed during this period. 

Fisherman: There was little or no sportfishing activity on site during the working hours of 

this period. Small striped bass was reported during the beginning of January. 


DEAD FISH: 

Total fish kill for the period 


Striped bass 2 Typically 10-15 inches 

Monk fish 1 6 inches. 


NET CONDITION: 

The net was in good condition. No defects were reported. The cod-end was closed 

during the period. Principle marine growth consisted of Tublaria. 


FINANCIAL: 

Total invoiced hours for maintenance during the Quarter were 148.5 hours. 


If there are any questions or if I can be of W h e r  assistance please call. 


Sincerely, 


Stephen T. Antoniou 


M E M B E R  

INNER TECH Commercial Diving P.O. Box 9123,Wanvick, RI02886;-



New England Power 
A NEES company 


July 13, 1998 

Planning and Administration (SPA) 

Environmental Protection Agency 

P . 0  Box 8127 

Boston, Massachusetts 02114 


c 

9 

1 


Sir or Madam: 

RE: 	 NEW ENGLAND POWER COMPANY, BRAYTON POINT STATION, SOMERSET 
MASSACHUSETTS - NPDES OUARTERLY FISH REPORT. PERMIT NUMBER 
MA0003654 

Pursuant to section A.2.j.(2) of New England Power Company Brayton Point Station's NPDES 
permit, enclosed is the 1998First Quarter Fish Report for our Brayton Point Station. 

If you have any questions, please contact Meredith M. Simas at telephone number 508-646-5338.I 
Very Truly Yours, 

/ 

;Plant Manager 

Brayton Point Station 

P.O. Box 440 

Somerset. MA 027%-0040 

Telephone: .508-G40-5000 

Fax: 308-G1G-5311 




Quarterly Fish Report 

April, May and June 1998 


New England Power Company's Brayton Point Station counts, identifies and estimates the size of 
any dead fish collected in the net located in the discharge canal which are observed during weekly 
inspections and maintenance activities of the net. Also, the quantity of fish sighted upstream and 
downstream of the net are estimated by their size and species type. Inner Tech Divers performed 
the inspection and maintenance of the discharge canal net this quarter. 

The number, species type and estimated size of dead fish collected in the discharge canal net are 
summarized below in Table 1 for second quarter 1998. 

DATE 

04101 

04/06 

04114 

04/24 

05/22 

05/26 

05/29 

06101 

06/24 

Dead Fish Collected in Net 
Table 1 

TYPE QUANTITY ESTIMATED SIZE 

striped bass 1 15 inches 

striped bass 1 12 inches 

striped bass . 1 18 inches 

striped bass 1 18 inches 

striped bass 2 6 to 12 inches 

striped bass 1 12 inches 

striped bass 1 18 inches 

striped bass 1 12 inches 

striped bass 1 23 inches 

TOTAL PER QUARTER 10 6 to 23 inches 

The estimated quantity, species type and size of fish sighted upstream of the discharge canal net 
are summarized below in Table 2 for second quarter 1998. 

Fish Sighted Upstream of the Net 
Table 2 

DATE TYPE QUANTITY ESTIMATED SIZE 

04/06 tautog 1 15 inches 

06/09 striped bass 2 12 inches 

New England Power Company Second Quarter 1998 
Brayton Point Station 



The estimated quantity, species type and size of fish sighted downstream of the discharge canal 
net are summarized below in Table 3 for second quarter 1998. 

Fish Sighted Downstream of the Net 
Table 3 

DATE TYPE QUANTITY ESTIMATED SIZE 

04/06 tautog 2 - 3  12 - 15 inches 

04/10 tautog 2 - 3  12 - 15 inches 
striped bass 4 12 inches 

04/14 tautog 1 18 inches 
striped bass 5 6 - 12 inches 

04/20 striped bass 1oo+ 18 inches 

04/24 striped bass 1oo+ 12 - 18 inches 

04127 shad 10 small 

0 9 0  1 shad small school 6 inches 
striped bass small school 12 inches 

05/04 shad small school small 
scup 

striped bass 
large school 
large school 

6 - 8 inches 
8 - 12 inches 

05/08 striped bass large school 12 inches 

05/26 striped bass large school 6 - 12 inches 

06/0 1 bluefish small school no size noted 

06/09 scup small school no size noted 

06/16 striped bass small school no size noted 

I 


06/21 I stnDed bass I small school I less than 12 inches 

New England Power Company Second Quarter 1998 
Brayton Point Station 



Brayton Point Station 	 P O .  Box 440 
Somerse!. MA 02726-C:JG 

508.656.5000 
Fax. 508.6365415 
www.usgen corn 

October 15, 1998 

Planning and Administration (SPA) 

Environmental Protection Agency 

P . 0  Box 8127 

Boston, Massachusetts 02114 


Sir or Madam: 

RE: USGEN NEW ENGLAND, INC., BRAYTON POINT STATION, SOMERSET 
MASSACHUSETTS - M M , MT T W ER 

MA0003654 


Pursuant to section A.2.j.(2) of USGen New England, Inc., Brayton Point Station's "DES 
permit, enclosed is the 1998 Third Quarter Fish Report for our Brayton Point Station. 

If you have any questions, please contact me at telephone number 508-646-5338. 

Very Truly Yours, 

Meredith M. Simas 
Environmental Engineer 



Quarterly Fish Report 
July, August and September 1998 l 

USGen New England, Inc.'s Brayton Point Station counts, identifies and estimates the size of any 
dead fish collected in the net located in the discharge canal which are observed during weekly 
inspections and maintenance activities of the net. Also,the quantity of fish sighted upstream and 
downstream of the net are estimated by their size and species type. Inner Tech Divers performed 
the inspection and maintenance of the discharge canal net this quarter. 

The number, species type and estimated size of dead fish collected in the discharge canal net are 
summarized below in Table 1 for third quarter 1998. 

Dead Fish Collected in Net 

DATE I TYPE 

07/17 I tautog 

tautog 
07A8 I striped bass 

~~ 

07/24 1-
~~ 

tautog 
~ 

09/08 monkfish 

09/11 monkfish 

09/17 striped bass 

09/22 striped bass 

09/2 5 striped bass 

09/29 striped bass 
monkfish 

TOTAL PER OUARTER 

USGen New England, Inc. 

Table 1 

I OUANTITY I ESTIMATEDSTZE I 
I 15 I 6-22inches 

4 6 - 8 inches 
1 12 inches 

I 1 6 inches 
~~ - ~~ 

1 8 inches 

1 8 inches 

1 8 inches 

1 24 inches 

1 24 inches 

2 10 and 18 inches 
2 8 inches 

I 30 I 6to24inches 

Third Quarter 1998 
Brayton Point Station 



The estimated quantity, species type and size of fish sighted upstream of the discharge canal net 
are summarized below in Table 2 for third quarter 1998. 

Fish Sighted Upstream of the Net 
Table 2 *I 

DATE I TYPE I QUANTITY I ESTIMATEDSIZE 
I 

No fish were sighted upstream of the discharge canal net during thirdIquarter 1998. I 

DATE 

08/14 

08/17 

08/19 

08/25 

08/3 1 

09/03 

094 1 

09/17 

09/22 

TYPE QUANTITY ESTIMATED SIZE 

shad 4 10 inches 

shad 3 10 inches 

scup small school 8 inches 

scup small school no size remarked 

scup small school no size remarked 

scup 100 6-8 inches 

scup 5 6 inches 

mullett . 200 to 300 10 to 12 inches 

mullett 100 to 200 10 to 12 inches 

I 09/29 I mullett 1 100 to 200 1 10 to 12 inches 

USGen New England, Inc. - Third Quarter 1998 
Brayton Point Station 



IUS.Generating c
hmpany 

1 1 8  :I 
Brayton Point Station 

January 15, 1999 


Planning and Administration (SPA) 

Environmental Protection Agency 

P.0  Box 8127 

Boston, Massachusetts 02114 


Dear Sir or Madam: 


PO. Box 440 

Somerset. MA 02726-0440 


508.546.5000 

Fax: 508.646.5415 

www.usgen.com 


RE: 	 USGEN NEW ENGLAND,INC., BRAYTON POINTSTATION, SOMERSET 
MASSACHUSETTS - EJPDES OUARTERLY FISH REPORT. PERMITNUMBER 
MA0003654 

Pursuant to section A.2.j.(2) of USGen New England, Inc., Brayton Point Station's NPDES 
permit, enclosed is the 1998 Fourth Quarter Fish Report for our Brayton Point Station. 

If you have any questions, please contact me at telephone number 508-646-5338. 

Very Truly Yours, 

Meredith M. Simas 
Environmental Engineer 



Quarterly Fish Report 

October, November and December 1998 


USGen New England, Inc.'s Brayton Point Station counts, identifies and estimates the size of any 
dead fish collected in the net located in the discharge canal which are observed during weekly 
inspections and maintenance activities of the net. Also,the quantity of fish sighted upstream and 
downstream of the net are estimated by their size and species type. Inner Tech Divers performed 
the inspection and maintenance of the discharge canal net this quarter. 

The number, species type and estimated size of dead fish collected in the discharge canal net are 
summarized below in Table 1 for forth quarter 1998. 

DATE 

10/03/98 

10/07/98 

10/14/98 

10/30/98 

11/16/98 

TYPE QUANTITY ESTIMATED SIZE 

striped bass 1 12 inches 

tautog 1 8 inches 

striped bass 2 10 and 12 inches 

striped bass (?) 1 14 inches 

tautog 1 12 inches 

TOTAL PER QUARTER 6 8 to 14 inches 

The estimated quantity, species type and size of fish sighted upstream of the discharge canal net 
are summarized below in Table 2 for fourth quarter 1998. 

Fish Sighted Upstream of the Net 
Table 2 

I DATE I TYPE I OUANTITY I ESTIMATED SIZE I 
No fish were sighted upstream of the discharge canal net during forth 
quarter 1998. 

USGen New England, Inc. Fourth Quarter 1998 
Brayton Point Station 



, *  

The estimated quantity, species type and size of fish sighted downstream of the discharge canal 
net are summarized below in Table 3 for fourth quarter 1998. 

Fish Sighted Downstream of the Net 

DATE TYPE QUANTJTY ESTIMATEDSIZE 
10/03/98 mullet >loo 
10/07/98 striped bass >5 

bluefish >5 

1O/ 14/98 mullet large school 

10/23/98 striped bass >200 

10/27/98 mullet >loo 
10/30/98 striped bass >30 

11/03/98 striped bass 100to 150 

11/05/98 striped bass 100 

11/10/98I bluefish 
striped bass I :x 

11/16/98I striped bass 1 100-150 I 
striped bass 30 to 40 

tautog 
~~ 

11/28/98 striped bass 
bluefish 
tautog 

kingfish I 1 I 
12/01/981I striped bass 

bluefish I 3'0 

12/09/98 striped bass 4 
tautog 1 

12/11/98 striped bass 2 
bluefish 50+ 
tautog 3 

12/15/98 bluefish 50+ 
tautog 12 

USGen New England, Inc. 
Brayton Point Station 

12 inches 

10 inches 
8 inches 

12 inches 
, 

12 inches 

10 to 18 inches 

8 inches 

12 to 24 inches 

12 to 18 inches 

12 inches 
12 inches 

12 to 18 inches 

12 inches 
20 inches 

12 inches 
12 to 18 inches 
20 inches 
6 inches 

12 inches 
12 inches 

8 to 12 inches 
14 inches 

12 to 14 inches 
18 inches 

8 to 12 inches 

12 to 18 inches 
8 tO 12 inches 

Fourth Quarter 1998 



DATE I TYPE I QUANTITY I ESTIMATEDSIZE 

12/19/98 I striped bass 8 
bluefish I 2 

12/23/98 striped bass 4 
bluefish 504
tautog 2 

12/28/98 striped bass 1004
tautog 4 

12/30/98 otter 1 
striped bass loo+ 

bluefish loo+ 
tautog 2 

USGen New England, Inc. 
Brayton Point Station 

18 inches 
24 inches 

18 inches 
12 to 18 inches 

24 inches 

24 to 30 inches 
24 inches 

large 
12 - 24 inches 

24+ inches 
24 inches 

Fourth Quarter 1998 



VI. UNUSUAL IMPINGEMENT AND FISH KILL SUMMARY 

Unusual Impingement 
Although the NPDES permit requires impingement monitoring 3 times per week, since March 
1997, finfish impinged on the Units 1,2 and 3 intake screens were identified, counted and 
measured almost daily by Marine Research Inc. Each monitoring period represents one of the 
three daily 8-hour work periods. 

In October 1995, the term "unusual impingement" was clarified by the TAC and the Fisheries 
Subcommittee to be an impingement rate of 25 or more fish per hour (an event that is likely to 
occur less than 5% of the observation periods, based on historic records). In 1998, there were no 
unusual impingement events. 

Table VI-I provides a 15-year summary of unusual impingement events observed at the Station. 
Refer to Tab 111, Finfish Sampling, Section B of MRI's report, attached, for additional 
impingement information. 

Additionally, starting February 6,  1997, the traveling intake screens for Unit No. 1,2 and 3 were 
operated in the continuous mode as required in MOA 11. 

Fish Kills 
In accordance with the NPDES discharge permit, the discharge canal, fish barrier net, and the 
nearby beach areas adjacent to the terminal end of the discharge canal are inspected routinely for 
dead fish or fish exhibiting loss of equilibrium. Historically, a reportable fish kill was defined as 
500 or more dead fish observed in the vicinity of the discharge canal. Following a fish kill 
reported in August 1991, the NPDES discharge permit was revised redefining a fish kill as the 
cumulative number of dead fish observed within any 24-hour period that exceeds: a) 100 fish of 
either of the following species: striped bass or bluefish or winter flounder; or b) 200 of any other 
single species of fish not named above. 

No fish kills were observed at the Brayton Point Station in 1998. A summary of fish kills 
reported prior to date are summarized in Table VI-2. 

Bravton Point Station 



Table VI-1 

UNUSUAL IMPINGEMENT EVENTS 


1983 - 1998 


YEAR WEEK RATE DOMINANT SPECIES 
(fishhour) 

1998 No unusual impingement events determined 

1997 2/28 43 alewife 

I 3/10 I 47 I alewife 

1996 I No unusual impingement events determined 
~ ~ ~~ 

1995 1I2 

1/9 

1/16 

1/30 

216 

2113 

1994 1I3 

1/10 

2/28 

317 

3121 

3/28 

12/19 

12/26 

1993 1I4 

1/11 

1118 

1/25 

2115 

~ 

147 silverside, alewife 

75 silverside 

93 silverside, menhaden 

98 silverside, menhaden 

38 and 47 menhaden, silverside 

66 silverside, blueback, flounder 

56 silverside, flounder 

25 silverside 

69 and 80 1 threespine, silverside 

tomcod, threespine, flounder 

silverside, threespine 

39 threespine 

69 I silverside 

71 and 97 alewife, blueback, silverside 

menhaden, silverside 
~-~~~~ 

menhaden, silverside 

silverside 

40 silverside 

Brayton Point Station 
I998Annual Report VI - 2  



YEAR WEEK RATE DOMINANT SPECIES 

(fish/hour) 


1993 2/22 72 silverside, threespine 

318 27 silverside, threespine 

3/15 9327 silverside 

3/22 286,98,38 silverside 

12/20 137 silverside, silver hake 


12/27 36 silverside 

1992 12/30 34 menhaden 

1991 214 43 and 39 alewife, silverside, blueback 

2118 54 silverside 

2/25 30 blueback, silverside,menhaden 


3/25 26 alewife, blueback 

12/23 28 menhaden, alewife 


1990 2119 47 threespine, silverside 

315 26 silverside, threespine 

1989 119 28 silverside 

11/27 82 silver hake 

1988 2115 32 silverside 


12/12 25 silverside, blueback, alewife 

12/19 57 silverside 

1987 1/26 32 silverside, flounder 

2116 36 silverside 

2/23 83 I silverside, flounder, threespine 


I 
I I 


3/30 I 30 I flounder, blueback 

I 

1 

I 

I 

1 

I 

I 

I 

1 

1 

I 

I 

I 

1 

I 

1 

1 

I 

I 




YEAR WEEK RATE DOMINANT SPECIES 
(fishhour) 

1986 2110 41 flounder, threespine 

3110 40 flounder, silverside, threespine 

3/24 34 flounder, silverside 

1986 I 5/26 I 30 I bay anchovy, hogchoker, tomcod 

I 7/14 I 48 I butterfish 

814 33 flounder 

1985 117 32 silver hake 

6117 112 bluefish 

1984 412 64 and 37 alewife, blueback, flounder 

I 6/11 1 26 1 hogchoker 
~~~~ 

1983 1116 39 flounder, anchovy 

Brayton Point Station 
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Table IV-2 

REPORTED FISH KILLS 


1971 - 1998 


DATE I DESCRIPTION a 
08/14/91 I 	 972 striped bass; Observed in discharge canal; Contributing factors included elevated 

chlorine levels, low dissolved oxygen and high ambient temperatures; Resulted in I
$500,000 settlement with Commonwealth of Massachusetts and agreement to install 
targeted chlorination on Unit No. 3. I 

05/27/90 	 387 striped bass; Observed in fish barrier net; Coincident with low level chlorine spill an 
rapid decrease in discharge canal temperature. e 

06/27/83 	 167 striped bass; Observed in the Unit No. 4cooling loop and the Unit No. 1,2 and 3 
discharge canal barrier net; Unit No. 4was operating in the “piggyback” mode; Cause not I 
identified. 

ow18/82 50 American eel; Most observed in discharge leg of Unit No. 4cooling loop. 

~~ ~ ~ 

08/23/78 	 150 to 200 adult and juvenile tautog and a few perch; Observed in the fish barrier net; I 
Associated with Unit start-up. 

W 
11/13/76 2,000 menhaden; Observed in discharge canal; Associated with start-up of service water 

system; odor of hydrogen sulfide detected, likely cause of low dissolved oxygen. 

_ _  

07/14/75 	 20,000 menhaden; Observed in discharge canal; Coincident with very heavy freshwater 
runoff during that period. J 

- ~~ 

11/29/71 1 14,000 menhaden; Young of the year trapped on the intake traveling screens. I 
08/05/71 	 “Thousands”of menhaden; Observed in upper Lee River; Likely due to low dissolved 

oxygen caused by chemical spill not associated with Brayton Point Station (according to a 
Massachusetts Division of Marine Fisheries). 

07/10/71 	 300 to 400 menhaden; Observed in the Taunton River; Fish physically damaged and 
probably resulted from broken trawl fishing nets (per J. Scanlon of Save The Bay). 

04/21171 250 menhaden; Observed in discharge canal and Lee River. 

Brayton Point Station 
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VII. BIOCIDE PROGRAM SUMMARY 

Circulating Water 
Units 1,2 and 3 uses a targeted biocide system to treat the condenser cooling water influent to 
control microbiological growth that would otherwise cause inefficient heat transfer and flow 
reduction. Unit No. 4 is not equipped with a targeted biocide system and has not received biocide 
treatment since 1991.  Targeted biocide treatment is the process of injecting a saturated 
concentration of a biocide through fixed nozzles in front of the condenser tube sheet for a short 
duration of time. Sections of a condenser’s tube sheet are treated sequentially. 

In accordance with the Station’sNPDES discharge permit, each condenser half of Units 1,2, and 
3 is treated for a period of not more than two hours per day, at an instantaneous maximum total 
residual oxidant (TRO)concentration of 0.2 ppm, as measured prior to mixing with another 
Unit’s condenser discharge. Fourxonsecutive samples are collected daily and analyzed for TRO 
when each condenser is being treated. In addition, the Station’s combined circulating water 
discharge, permitted discharge 001, is sampled and analyzed for TRO once per week during the 
chlorination cycle and, whenever possible, the sample is collected during Unit No. 3 treatment. 
The TRO instantaneousmaximum limit for discharge 001 is 0.065 ppm. 

Both sodium hypochlorite and halogenated hydantoin products are approved for use by the 
Station’s NPDES permit. From 1987, when the targeted biocide system was first installed on 
Unit No. 2, until September 1991, sodium hypochlorite was used in the targeted biocide system. 
From October 1991 through April 1995, biocide treatment of all condensers was suspended. 
Then, from May 1995 through March 1998, with the exception of a four week trial on Unit No. 1 
with sodium hypochloride, halogenated hydantoin products were used in the targeted biocide 
system. In July 1998, the targeted biocide system used sodium hypochlorite as the biocide. 

Halogenated hydantoin products in the targeted biocide treatment program were used at the 
Station with limited success. To our knowledge, Brayton Point Station is the only station in the 
industry to use halogenated hydantoin in a targeted biocide system. During the three years that 
the halogenated hydantoin products were used in the targeted biocide system, the effectiveness of 
the hydantoin has been considerably lower than that of sodium hypochlorite. One potential cause 
of the ineffectivenessof halogenated hydantoin could be because the contact time within the 
condenser is less than the solubility time of the hydantoin. As a result of the lower effectiveness 
of halogenated hydantoin, sodium hypochlorite was again used as the biocide in the targeted 
biocide system starting in July 1998. 

During 1998, biocide residuals were monitored as described in the discharge permit with one 
exceedance of the condenser outlet TRO limit. On July 17, the instantaneous maximum TRO 
limit was exceeded by 0.1 ppm while treating Unit No. 2 condenser. The cause of the 
exceedance was determined to be from air and gas bubbles trapped at piping high points in the 
new chemical feed system. The bubbles located between the chemical injection point at the 
condenser inlet and the chemical pump outside the plant (200 -300 feet away) would expand 

Brayton Point Station 
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and contract as the target nozzles were switched, varying the chemical feed rate. This occurred 
even if the chemical feed rate was constant. 

Because of the exceedance, the chemical feed system was shut down and modified to include a 

metering pump with a chemical day tankadjacent to each Unit’s dilution pump, eliminating the 

long piping runson the chemical injection piping. Table VII-1 describes biocide feed rates and 

monitored biocide residuals for 1998. 


Table VII-2 describes the historical use of biocide applications to the circulating water cooling 

systems from 1981 through 1998. Usage is expressed as equivalent pounds of chlorine to 

facilitate comparison between the hydantoin product and sodium hypochlorite. 


Service Water 
The Station’s service water system is composed of three small-volume cooling water systems 

which includes piping and pumps. Unit 1 and 2 share a common system whereas Unit 3 and 4 

each has their own systems. The service water system is subject to blockage by biological 

fouling caused by mussels, barnacles, and hydroids that attach and grow on surfaces within the 

service water system and eventually reduced the effective pipe diameters of service water heat 

exchanger tubes. 


Since June 1991, the service water systems are periodically treated with an approved 

molluskacide, Betz Clam-Trol CT-1, in accordance with a treatment schedule approved by the 

EPA and the State. CT-1 is metered into the service water system to produce a 15 ppm residual 

for a treatment duration period (1 2 to 1 8 hours) determined by the inlet cooling water 

temperature. To have the desired effect, treatments occur about six to eight weeks apart resulting 

in a treatment frequency of three to six times per year. Units 1 & 2 are treated simultaneously 

and Units 3 and 4 are treated individually. 


Table VII-3 summarizes the application of CT-1 by service water system for application years 
1991 through 1998. 
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a 
Table VI-2I CIRCULATING WATER TREATMENT 

BIOCIDE USAGE SUMMARY 
c 

YEAR UNIT1 UNIT2 UNIT 3 UNIT4 TOTAL 
o w 4  (IW (IW o w  (IW 

1981 nodata no data no data no data 89,600 

1982 nodata no data no data no data 108,500 

1983 nodata no data no data no data 159,400 

1984 nodata no data no data no data 116,000 

1985 nodata no data no data no data 116,000 

1986 nodata no data no data no data 79,000 

1987 nodata no data no data no data 89,000 

1988 32,100 19,200 32,100 32,100 115,500 

1989 10,900 6,600 10,900 10,900 39,000 

1990 12,000 12,000 34,000 27,000 85,000 

1991 7,400 4,600 19,300 38,100 69,400 

1992 0 0 0 0 0 

1993 0 0 0 0 0 

1994 0 0 0 0 0 

1995 1,700 750 4,000 0 6,400 

1996 2,000 2,000 3,400 0 7,400 

1997 1,200 500 1,500 0 3,200 

1998 520 570 670 0 1760 

4. Expressed as equivalent pounds of chlorine 

Brayton Point Station 

BIOCIDE 

hypochlorite 

hypochlorite 

hypochlorite 

hypochlorite 

hypochlorite 

hypochlorite 

hypochlorite 

hypochlorite 

hypochlorite 

hypochlorite 

hypochlorite 

no treatment 

no treatment 

no treatment 

hydantoin 

hydantoin 

hydantoinhypo 

hydantoinhypo 



Table VI-3 

SERVICE WATER SYSTEM TREATMENT 


CT-1 USAGE SUMMARY 

~ ~ 

YEAR UNITlAND2 UNIT 3 UNIT 4 TOTAL 
(gal) (gal) (gal) (gaI) 

1991 660 0 0 660 

1992 1,100 1,500 2,600 

1993 860 1,900 2,800 
~~ 

1994 800 1,200 800 2,800 

1995 500 880 760 2,140 
r 

1996 540 820 640 2,000 

1997 680 ’ 1,040 770 2,480 

1998 693 756 684 2,133 
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VIII. BIBLIOGRAPHY OF REGULATORY SUBMITTALS 

The following is a list of documents or reports submitted or distributed during 1998, in 
fulfillment of the Brayton Point Station National Pollutant Discharge Elimination System 
(NPDES) discharge permit program: 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 
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Monthly Discharge Monitoring Reports; these twelve (12) monthly reports summarize all 
sampling and analysis results for each of the Station's permitted discharge points. 

Quarterly Fish Reports; these four (4) quarterly reports s u m m a r i z ~the amount of dead 
fish caught in the fish barrier net and an estimate of the fish sighted upstream and 
downstream of the net. 

Monthly Memorandum of Agreement TI (MOA 11) Reports; these twelve (12) monthly 
reports summarize heat load, circulating water flow, temperature rise and intake traveling 
screen rotation as outlined in the MOA I1 dated April 4,1997. 

Letter to U.S. Environmental Protection Agency and Massachusetts Department of 
Environmental Protection submitting the NPDES permit renewal application, January 15, 
1998. 

Letter to Rhode Island Department of Environmental Protection and Technical Advisory 
Committee, submitting a courtesy copy of the NPDES permit renewal application, 
January 27,1998 

Letter to U.S. Environmental Protection Agency, Massachusetts Department of 
Environmental Protection and Technical Advisory Committee submitting the "Semi-
Annual Biological and Hydrological Report - 1997",January 30, 1998. 

Letter to U.S. Environmental Protection Agency, submitting copy of the NPDES permit 
with MOA11 changes as requested by Environmental Protection Agency's Senior Permit 
Engineer, February 9, 1998. 

Letter to U.S. Environmental Protection Agency submitting the notification reauthorizing 
the signatory responsibility of the DMRs, February 1 1 ,  1998. 

Letter fiom the Technical Advisory Committee to U.S. Environmental Protection, 
requesting Environmental Protection Agency's assistance in obtaining information for 
permit renewal, February 13,1998. 

Letter to U.S. Environmental Protection Agency, Massachusetts Department of 
Environmental Protection and Technical Advisory Committee submitting the "Annual 
Biological and Hydrological Report - 1996",March 12, 1998. 
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11. 

12. 

13. 

14. 

15. 
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19. 

20. 

21. 

22. 

Letter from U.S. Environmental Protection Agency requesting information pursuant to 
$308(a) of the Clean Water Act as a result of the Technical Advisory Committee's letter 
dated February 13,1998, April 6,1998. 

Letter to U.S. Environmental Protection Agency submitting the notification of a chemical 
clean on Unit No. 4, April 24,1998. 

Letter to Massachusetts Department of Environmental Protection providing an update on 
permit transfer to the new owner upon sale, April 24,1998. 

Letter to U.S. Environmental Protection Agency regarding the notification of the date 
change on the chemical clean on Unit No. 4, May 5,1998. 

Letter to U.S. Environmental Protection Agency requesting verification that the existing 
permits, including the NPDES permit, MOAII and permit application renewal dated 
January 15,1998, will be transferred to the new owner, May 7,1998. 

Letter to U.S. Environmental Protection Agency, Massachusetts Department of 
Environmental Protection and Technical Advisory Committee submitting an amendment 
(pages H.33 and H.34) to the "1996 Annual Biological and Hydrological Report", May 
11, 1998. 

Letter to Massachusetts Department of Environmental Protection requesting verification 
that the existing permits, including the NPDES permit, MOAII and permit application 
renewal dated January 15,1998, will be transferred to the new owner, May 20, 1998. 

Letter to U.S. Environmental Protection Agency responding to their April 6, 1998 request 
for information pursuant to $308(a) of the Clean Water Act, May 26, 1998. 

Letter to U.S. Environmental Protection Agency and Massachusetts Department of 
Environmental Protection reporting one total residual oxidant (TRO)exceedence, July 2 1, 
1998. 

Letter from U.S. Environmental Protection Agency notifying that the existing permits, 
including the NPDES permit, MOAII and permit application renewal dated January 15, 
1998, will be transferred to the new owner, July 29,1998. 

Letter to U.S. Environmental Protection Agency, Massachusetts Department of 
Environmental Protection and Technical Advisory Committee submitting the '1997 
Annual Biological and Hydrological Report", August 26, 1998. 

Letter to U.S. Environmental Protection Agency, Massachusetts Department of 
Environmental Protection and Technical Advisory Committee submitting the '1998 
Semi-Annual Biological and Hydrological Report", August 31,1998. 
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Letter to U.S. Environmental Protection Agency notifying that the sale of Brayton Point 
Station from New England Power to USGen New England was complete, September 1, 
1998. 

Letter to Massachusetts Department of Environmental Protection notifying that the sale of 
Brayton Point Station fiom New England Power to USGen New England was complete, 
September 1, 1998. 

Letter from U.S. Environmental Protection Agency transferring the existing NPDES 
permit to the new owner, September 3, 1998. 

Letter to U.S. Environmental Protection Agency submitting the notification reauthorizing 
the signatory responsibility of the DMRs, September 15, 1998. 

Letter to U.S. Environmental Protection Agency and Massachusetts Department of 
Environmental Protection follow-up of July 21, 1998 letter on TRO exceedence, 
September 2 1, 1998. 
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